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CODING VIDEO DATA FOR AN OUTPUT
LAYER SET

This application claims the benefit of U.S. Provisional
Application No. 61/809,858, filed Apr. 8, 2013, which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD

This disclosure relates to coding of parameter sets in
video coding.

BACKGROUND

Digital video capabilities can be incorporated into a wide
range of devices, including digital televisions, digital direct
broadcast systems, wireless broadcast systems, personal
digital assistants (PDAs), laptop or desktop computers,
tablet computers, e-book readers, digital cameras, digital
recording devices, digital media players, video gaming
devices, video game consoles, cellular or satellite radio
telephones, so-called “smart phones,” video teleconferenc-
ing devices, video streaming devices, and the like. Digital
video devices implement video compression techniques,
such as those described in the standards defined by MPEG-2,
MPEG-4, ITU-T H.263, ITU-T H.264/MPEG-4, Part 10,
Advanced Video Coding (AVC), the High Efficiency Video
Coding (HEVC) standard, and extensions of such standards.
The video devices may transmit, receive, encode, decode,
and/or store digital video information more efficiently by
implementing such video compression techniques.

Video compression techniques perform spatial (intra-
picture) prediction and/or temporal (inter-picture) prediction
to reduce or remove redundancy inherent in video
sequences. For block-based video coding, a video slice (i.e.,
a video frame or a portion of a video frame) may be
partitioned into video blocks, which may also be referred to
as treeblocks, coding units (CUs) and/or coding nodes.
Video blocks in an intra-coded (I) slice of a picture are
encoded using spatial prediction with respect to reference
samples in neighboring blocks in the same picture. Video
blocks in an inter-coded (P or B) slice of a picture may be
encoded using spatial prediction with respect to reference
samples in neighboring blocks in the same picture or tem-
poral prediction with respect to reference samples in other
reference pictures. Pictures may be referred to as frames, and
reference pictures may be referred to as reference frames.

Spatial or temporal prediction results in a predictive block
for a block to be coded. Residual data represents pixel
differences between the original block to be coded and the
predictive block. An inter-coded block is encoded according
to a motion vector that points to a block of reference samples
forming the predictive block, and the residual data indicat-
ing the difference between the coded block and the predic-
tive block. An intra-coded block is encoded according to an
intra-coding mode and the residual data. For further com-
pression, the residual data may be transformed from the
pixel domain to a transform domain, resulting in residual
transform coeflicients, which then may be quantized. The
quantized transform coefficients, initially arranged in a two-
dimensional array, may be scanned in order to produce a
one-dimensional vector of transform coefficients, and
entropy coding may be applied to the transform coefficients
to achieve further compression.

SUMMARY

This disclosure relates to techniques for coding parameter
sets such that more than one output layer set may be coded
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for one layer set. In one example, a first output layer set for
a layer set and a second output layer set for the layer set may
be used to code video data. For example, video data may be
coded for the first output layer set and for the second output
layer set.

This disclosure relates to techniques for coding parameter
sets. For example, a video coder may code all profile, tier,
and/or level information in the VPS, and profile, tier, level
information may be associate with each output layer set
signalled by one profile, tier, level syntax structure, in some
examples in a way that it is accessible without entropy
decoding. In one example, the disclosure describes tech-
niques for coding profile_tier_level syntax structures in
parameter set extension syntax, such as video parameter set
(VPS) extension syntax, in some examples at a position
within the parameter set extension syntax that is accessible
without entropy coding (i.e., prior to any entropy-coded
syntax elements in the parameter set extension). While in
some examples all profile, tier, and/or level information in
the VPS may be accessible without entropy coding, in other
examples, a reduced amount of entropy coding or some
limited entropy coding may be required for some or all
profile, tier, and/or level information in the VPS.

In another example, this disclosure relates to techniques
for coding layer dependency information in multilayer video
data in a VPS such that it is accessible without entropy
decoding. Some examples may code multilayer video data,
including transmitting or receiving a non-entropy encoded
layer dependency information at a position within a VPS
extension prior to syntax elements of parameter set exten-
sion syntax that are entropy encoded. The technique may
include coding video data of one or more of the layers of
video data based on the non-entropy encoded layer depen-
dency information. The layer dependency information indi-
cates whether one of the layers is a direct reference layer for
another of the layers.

In another example, this disclosure relates to techniques
for coding parameter sets. For example, a video coder may
code all profile, tier, and/or level information in the VPS,
and profile, tier, level information may be associate with
each output layer set signalled by one profile, tier, level
syntax structure, in some cases in a way that it is accessible
without entropy decoding. While in some examples all
profile, tier, and/or level information in the VPS may be
accessible without entropy coding, in other examples, a
reduced amount of entropy coding or some limited entropy
coding may be required for some or all profile, tier, and/or
level information in the VPS.

In another example, this disclosure relates to techniques
for coding visual signal information, such as video_format,
video_full_range_flag, colour_primaries, transfer_charac-
teristics, matrix_coeffs, per layer in the VPS.

In another example, this disclosure relates to techniques
for SPS sharing by layers of different spatial resolutions, bit
depth, or color formats.

In another example, this disclosure relates to techniques
for video coding such that no timing information is provided
in the Video Usability Information (VUI) of a sequence
parameter set (SPS) with layer ID (nuh_layer_id) greater
than 0.

In another example, this disclosure relates to techniques
for video coding such that no explicit signaling of target
output layers is provided for the default output layer sets.

In another example, this disclosure relates to techniques
for avoiding the signaling of the maximum number of
temporal sub-layers that may be present in each coded video
sequence (CVS) (sps_max_sub_layers_minusl) or whether
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inter prediction is additionally restricted for CVSs (sps_tem-
poral_idnesting_flag) in SPSs with layer ID greater than 0.

In another example, this disclosure relates to techniques
for, syntax element output_layer_set_idx[i] may be changed
to output_layer_set_idx_minusl[i] in accordance with the
techniques of this disclosure.

In one example, the disclosure describes a method of
decoding multilayer video data, the method comprising
receiving a first output layer set for a layer set, receiving a
second output layer set for the layer set, and decoding video
data for at least one of the first output layer set and the
second output layer set.

In another example, the disclosure describes a method of
encoding multilayer video data, the method comprising
encoding video data for at least one of a first output layer set
and a second output layer set, the first output layer set and
the second output layer set both for one layer set, transmit-
ting the first output layer set for the layer set, and transmit-
ting the second output layer set for the layer set.

In another example, the disclosure describes an apparatus
for decoding video data comprising a memory configured to
store the video data, and one or more processors configured
to receive a first output layer set for a layer set, receive a
second output layer set for the layer set, and decode video
data for at least one of the first output layer set and the
second output layer set.

In another example, the disclosure describes an apparatus
for decoding video data comprising means for receiving a
first output layer set for a layer set, means for receiving a
second output layer set for the layer set, and means for
decoding video data for at least one of the first output layer
set and the second output layer set.

In another example, the disclosure describes a computer-
readable storage medium. The computer-readable storage
medium having stored thereon instructions that upon execu-
tion cause one or more processors to receive a first output
layer set for a layer set, receive a second output layer set for
the layer set, and decode video data for at least one of the
first output layer set and the second output layer set.

The details of one or more examples are set forth in the
accompanying drawings and the description below. Other
features, objects, and advantages will be apparent from the
description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an example video
encoding and decoding system that may utilize the tech-
niques described in this disclosure.

FIG. 2 is a block diagram illustrating an example video
encoder that may implement the techniques described in this
disclosure.

FIG. 3 is a block diagram illustrating an example video
decoder that may implement the techniques described in this
disclosure.

FIG. 4 is a flowchart illustrating an example method for
decoding video data in accordance with the systems and
methods described herein.

FIG. 5 is a flowchart illustrating another example method
for encoding video data in accordance with the systems and
methods described herein.

FIG. 6 is a flowchart illustrating an example method for
decoding video data in accordance with the systems and
methods described herein.

FIG. 7 is a flowchart illustrating an example method for
encoding video data in accordance with the systems and
methods described herein.
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FIG. 8 is a flowchart illustrating an example method for
decoding video data in accordance with the systems and
methods described herein.

FIG. 9 is a flowchart illustrating an example method for
encoding video data in accordance with the systems and
methods described herein.

FIG. 10 is a flowchart illustrating an example method for
decoding video data in accordance with the systems and
methods described herein.

FIG. 11 is a flowchart illustrating an example method for
encoding video data in accordance with the systems and
methods described herein.

FIG. 12 is a flowchart illustrating an example method for
decoding video data in accordance with the systems and
methods described herein.

FIG. 13 is a flowchart illustrating an example method for
encoding video data in accordance with the systems and
methods described herein.

DETAILED DESCRIPTION

This disclosure is generally related to the field of video
coding and compression. As one example, the disclosure is
related to the high efficiency video coding (HEVC) standard
currently under development. The term “coding” refers to
encoding and decoding, and the techniques may apply to
encoding, decoding or both encoding and decoding. As
described in more detail, the techniques may be related to
intra-coding (e.g., intra-prediction) in which a block within
a picture is predicted with respect to another block or blocks
in the same picture (i.e., spatial prediction).

In previous video coding systems, accessing of the profile,
tier and level for layer sets require entropy decoding. Simi-
larly, the layer dependency information is not accessible
without entropy decoding. Signaling of an output layer set
may also be problematic and inefficient.

One example of the systems, methods, and devices
described herein provides for a set of profile_tier_level( )
syntax structures to be signalled in parameter set extension
syntax, such as video parameter set (VPS) extension syntax,
potentially at a position within the extension syntax that is
accessible without entropy coding, (e.g., prior to entropy-
coded elements in the extension syntax) and/or with some
reduced or limited entropy coding. The VPS extension
syntax will be described throughout this disclosure for
purposes of example. In an example, the VPS is a syntax
structure containing syntax elements that apply to zero or
more entire coded video sequences (CVSs) as determined by
the content of a syntax element found in the SPS referred to
by a syntax element found in the PPS referred to by a syntax
element found in each slice segment header. In an example,
a CVS is a sequence of access units that include, in decoding
order, of an IRAP access unit with NoRaslOutputFlag equal
to 1, followed by zero or more access units that are not IRAP
access units with NoRaslOutputFlag equal to 1, including all
subsequent access units up to but not including any subse-
quent access unit that is an IRAP access unit with
NoRaslOutputFlag equal to 1. Furthermore, a profile_tier_
level( ) syntax structure may be associated with an output
layer set instead of a layer set, because a layer set may
correspond to more than one output layer set, and different
output layer sets corresponding to one layer set may comply
to different levels.

The profile_tier_level( ) syntax structure is a syntax
structure that provides syntax information related to profiles,
tiers, and levels. Profiles, tiers, and levels specify different
points of conformance for implementing the HEVC standard
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or an HEVC extension standard such that it is interoperable
across various applications that may have similar functional
requirements. In some examples, a profile may define a set
of coding tools or algorithms that may be used in generating
a conforming bitstream. In some examples, a tier and a level
may place constraints on some of the parameters of the
bitstream. In some examples, these parameters may corre-
spond to decoder processing load and decoder memory
capabilities. The level information may establish restrictions
on processing of data. For example, the level information
may include maximum sample rate, maximum picture size,
maximum bit rate, minimum compression ratio. The level
information may also include capacities of the decoded
picture buffer (DPB) and the coded picture buffer (CPB).
The CPB holds compressed data prior to its decoding for
data flow management purposes. The DPB holds decoded
picture data.

Another example of the systems, methods, and devices
described herein provides for coding multilayer video data
including layers of video data. These systems, methods, and
devices may include transmitting or receiving a non-entropy
encoded layer dependency information at a position within
a parameter set extension syntax, such as VPS extension
syntax, prior to syntax elements of the extension that are
entropy encoded. Additionally, the systems, methods, and
devices may decode video data of one or more of the layers
of video data based on the non-entropy encoded layer
dependency information. The layer dependency information
indicates whether one of the layers is a direct reference layer
for another of the layers. Again, the VPS extension syntax
will be described throughout this disclosure for purposes of
example.

As is described in greater detail below, in one example,
more than one output layer set may be signalled for one layer
set. For example, as described herein, the syntax element
output_layer_flag[lsIdx]|[j] may be changed to output_lay-
er_{flag[i][j], and related semantics are changed accordingly.

As is described in greater detail below, in another
example, profile, tier, and level information may be sig-
nalled in the VPS in a way that it is accessible without
entropy decoding. This is illustrated in one or more of the
tables below with parameters that have descriptors other
than ue(v) (ue(v) indicating entropy coding). For example,
the descriptors may indicate fixed length coding, e.g., u(n),
where n is an integer 1 or greater.

As is described in greater detail below, in another
example, the layer dependency information may be sig-
nalled in the VPS in a way that it is accessible without
entropy. This is illustrated in one or more of the tables below
with parameters that have descriptors other than ue(v). For
example, the descriptors may indicate fixed length coding,
e.g., u(n), where n is an integer 1 or greater.

As is described in greater detail below, in another
example, a representation format may be signalled in the
VPS, potentially in a way that it is accessible without
entropy decoding or some reduced or limited entropy cod-
ing. For example, representation format parameters such as
chroma_format_vps_idc, separate_colour_plane_vps_flag,
pic_width_vps_in_luma_samples, pic_height_vps_inlu-
ma_samples, bit_depth_vps_luma_minus8, and bit_
depth_vps_chroma_minus8 are signalled in the VPS, and
not entropy coded in some examples. This is illustrated in
one or more of the tables below with these parameters
having descriptors other than ue(v). The representation
format parameters may have descriptors that indicate that
the particular parameter is fixed length coding, e.g., u(n),
where n is an integer 1 or greater. In some cases the “_vps”
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has been dropped from various parameter names, e.g.,
chroma_format_vps_idc may also be referred to as chroma_
format_ide, separate_colour_plane_vps_flag as separate_
colour_plane_flag, pic_width_vps_inluma_samples as
pic_width_in_luma_samples, pic_height_vps_inlu-
ma_samples as  pic_height_in_luma_samples,  bit_
depth_vps_luma_minus8 as bit_depth_luma_minus8, and
bit_depth_vps_chroma_minus8 as bit_depth_vps_chroma_
minus8, as well as other parameters.

As is described in greater detail below, in another
example, visual signal information such as video_format,
video_full_range_flag, colour_primaries, transfer_charac-
teristics, or matrix_coeffs may be signalled per layer in the
VPS. As described herein the visual signal information such
as video_format, video_full_range_flag, colour_primaries,
transfer_characteristics, matrix_coeffs may be a subset of
the Video Usability Information (VUI) parameters, as speci-
fied in Annex E of the HEVC standard, for example. The
VUI, and hence the visual signal information, is in the VPS
and may be signalled per layer in the VPS.

As is described in greater detail below, in another
example, sequence parameter set (SPS) sharing may be
performed by layers with different spatial resolutions, bit
depth, or color formats. In an example, the SPS is a syntax
structure containing syntax elements that apply to a layer in
zero or more entire CVSs as determined by the content of a
syntax element found in the PPS referred to by a syntax
element found in each slice segment header. In some
examples, a method of decoding multilayer video data may
include receiving a video parameter set and a first sequence
parameter set. The method may also include receiving a first
layer that refers to the first sequence parameter set, receiving
a second layer that has a different value of at least one of a
spatial resolution, a bit depth, and a color format than the
first layer, and that refers to the first sequence parameter set.
Furthermore, the example method may include decoding
video data of the first and second layers based on informa-
tion from the video parameter set and the first sequence
parameter set.

As is described in greater detail below, in another
example, no timing information is coded in the VUI of SPSs
with layer ID (nuh_layer_id) greater than 0. In some
examples, for a layer that refers to an SPS with layer ID
greater than 0, the timing information signalled in the VPS
is used.

As is described in greater detail below, in another
example, no explicit signaling of target output layers is used
for default output layer sets. For example, because having
multiple_output_layer_sets_in layer set flag equal to 0 speci-
fies that only one output layer set is specified by the VPS for
each layer set, with the highest layer being the only target
output layer, no explicit signaling of target output layers for
the default output layer sets is needed. For example, there is
no need to signal which layers are to be output when
multiple_output_layer_sets_in layer set flag is equal to O
because there is only one output layer set for each layer set
and the highest layer is the only target output layer.

As is described in greater detail below, in another
example, the sps_max_sub_layers_minusl and sps_tempo-
ral_idnesting_flag are not signalled in the SPS. In some
cases, this signaling does not occur in the SPS when
nuh_layer_id_>0.

As is described in greater detail below, in another
example, the syntax element output_layer_set_idx[i] may be
changed to output_layer_set_idx_minus1[i]. This is because
the syntax element layer_id included_flag[i][j] used for
output_layer_set_idx[i] equal to 0 is for layer set 0, while for
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layer set 0 layer_id_included_flag[i][j] is not defined. Addi-
tionally, the target output layer for layer set O is always layer
0 (the base layer).

Various examples above may include aspects with various
data, parameters, etc. that are not entropy coded. Because of
this, the data, parameters, etc. may be accessible to devices
without an entropy coder to perform entropy coding. For
example, in some cases a Media Aware Network Entities
(MANESs) may not have an entropy coding device, but
would generally be able to code (e.g., decode) non-entropy
coded information such as data, parameters, etc.

A recent draft of the HEVC standard, referred to as
“HEVC Working Draft 10” or “WD10,” is described in
document JCTVC-1.1003v34, Bross et al., “High efficiency
video coding (HEVC) text specification draft 10 (for FDIS
& Last Call),” Joint Collaborative Team on Video Coding
(JCT-VC) of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/
WGT11, 12th Meeting: Geneva, CH, 14-23 Jan., 2013, which,
as of Oct. 15, 2013, is downloadable from: http://phenix.int-
evry.fr/jct/doc_enduser/documents/12_Geneva/wg
11/JCTVC-L1003-v34.zip

Another recent working Draft (WD) of HEVC, referred to
as “HEVC Working Draft 6” or “WD6,” is described in
document JCTVC-H 1003, Bross et al., “High-Efficiency
Video Coding (HEVC) text specification draft 6,” Joint
Collaborative Team on Video Coding (JCT-VC) of ITU-T
SG16 WP3 and ISO/IEC JTC1/SC29/WG11, 8th Meeting:
San Jose, Calif., USA, February 2012, which as of Oct. 15,
2013 is downloadable from: http://phenix.int-evry.fr/jct/do-
c_end_user/documents/8_San%20Jose/wg 11/JCTVC-
H1003-v22.zip

Another recent working Draft (WD) of HEVC, referred to
as “HEVC Working Draft 8” or “WDS,” is described in
document JCTVC-J1003, Bross et al., “High-Efficiency
Video Coding (HEVC) text specification draft 8,” Joint
Collaborative Team on Video Coding (JCT-VC) of ITU-T
SG16 WP3 and ISO/IEC JTC1/SC29/WG11, 10th Meeting:
Stockholm, SE, 11-20 Jul. 2012, which as of Oct. 15, 2013
is downloadable from: http://phenix.int-evry.fr/jct/doc_en-
d_user/documents/10_Stockholm/wg 11/JCTVC-11003-
v8.zip

HEVC Range Extensions are described in document
JCTVC-N1005_v3, Flynn et al., “High Efficiency Video
Coding (HEVC) Range Extensions text specification: Draft
4,” Joint Collaborative Team on Video Coding (JCT-VC) of
ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WGl1, 13th
Meeting: Incheon, KR, 18-26 Apr. 2013, which as of Oct.
15, 2013 is downloadable from: http://phenix.it-sudparis.eu/
jet/doc_end_user/current_document.php?id=8139.

FIG. 1 is a block diagram illustrating an example video
encoding and decoding system 10 that may utilize the
techniques described in this disclosure. As illustrated in FIG.
1, system 10 includes a video encoder 20 that generates
encoded video data to be decoded at a later time by a video
decoder 30. Source device 12 and destination device 14 may
comprise any of a wide range of devices, including desktop
computers, notebook (i.e., laptop) computers, tablet com-
puters, set-top boxes, telephone handsets such as so-called
“smart” phones, so-called “smart” pads, televisions, cam-
eras, display devices, digital media players, video gaming
consoles, video streaming device, or the like. In some cases,
source device 12 and destination device 14 may be equipped
for wireless communication.

Destination device 14 may receive the encoded video data
to be decoded via a link 16. Link 16 may comprise any type
of medium or device capable of moving the encoded video
data from video encoder 20 to video decoder 30. In one

5

10

15

20

25

30

35

40

45

50

55

60

65

8

example, link 16 may comprise a communication medium to
enable video encoder 20 to transmit encoded video data
directly to video decoder 30 in real-time. The encoded video
data may be modulated according to a communication
standard, such as a wireless communication protocol, and
transmitted to destination device 14. The communication
medium may comprise any wireless or wired communica-
tion medium, such as a radio frequency (RF) spectrum or
one or more physical transmission lines. The communica-
tion medium may form part of a packet-based network, such
as a local area network, a wide-area network, or a global
network such as the Internet. The communication medium
may include routers, switches, base stations, or any other
equipment that may be useful to facilitate communication
from source device 12 to destination device 14.

Alternatively, encoded data may be output from output
interface 22 to a storage device 34. Similarly, input interface
28 may access encoded data from storage device 34. Storage
device 34 may include any of a variety of distributed or
locally accessed data storage media such as a hard drive,
Blu-ray discs, DVDs, CD-ROMs, flash memory, volatile or
non-volatile memory, or any other suitable digital storage
media for storing encoded video data. In a further example,
storage device 34 may correspond to a file server or another
intermediate storage device that may hold the encoded video
generated by video encoder 20. Destination device 14 may
access stored video data from storage device 34 via stream-
ing or download via input interface 28. The file server may
be any type of server capable of storing encoded video data
and transmitting that encoded video data to the video
decoder 30. Example file servers include a web server (e.g.,
for a website), a File Transfer Protocal (FTP) server, net-
work attached storage (NAS) devices, or a local disk drive.
Video decoder 30 may access the encoded video data
through any standard data connection, including an Internet
connection. This may include a wireless channel (e.g., a
Wi-Fi connection), a wired connection (e.g., DSL, cable
modem, etc.), or a combination of both that is suitable for
accessing encoded video data stored on a file server. The
transmission of encoded video data from storage device 34
may be a streaming transmission, a download transmission,
or a combination of both.

The techniques of this disclosure are not necessarily
limited to wireless applications or settings. The techniques
may be applied to video coding in support of any of a variety
of multimedia applications, such as over-the-air television
broadcasts, cable television transmissions, satellite televi-
sion transmissions, streaming video transmissions, e.g., via
the Internet, encoding of digital video for storage on a data
storage medium, decoding of digital video stored on a data
storage medium, or other applications. In some examples,
system 10 may be configured to support one-way or two-
way video transmission to support applications such as
video streaming, video playback, video broadcasting, and/or
video telephony.

In the example of FIG. 1, source device 12 includes a
video source 18, video encoder 20 and an output interface
22. In some cases, output interface 22 may include a
modulator/demodulator (modem) and/or a transmitter. Video
source 18 may include a source such as a video capture
device, e.g., a video camera, a video archive containing
previously captured video, a video feed interface to receive
video from a video content provider, and/or a computer
graphics system for generating computer graphics data as
the source video, or a combination of such sources. As one
example, if video source 18 is a video camera, source device
12 and destination device 14 may form so-called camera
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phones or video phones. However, the techniques described
in this disclosure may be applicable to video coding in
general, and may be applied to wireless and/or wired appli-
cations.

Video encoder 20 encodes the captured, pre-captured, or
computer-generated video received from video source 18.
The captured, pre-captured, or computer-generated video
may be formatted according to any of the sample formats
described above including the 4:2:0, 4:2:2 or 4:4:4 sample
formats. Video encoder 20 may perform video coding on
video formatted according to any of the 4:2:0, 4:2:2 or 4:4:4
sample formats. In some cases, video encoder 20 may up
sample or down sample the captured, pre-captured, or com-
puter-generated video as part of the coding process. For
example, captured video may be formatted according to the
4:4:4 sample format, video encoder 20 may down sample
captured video to the 4:2:2 format and perform video
encoding on the down sampled video. The encoded video
data may be transmitted directly to destination device 14 via
output interface 22 of source device 12. The encoded video
data may also (or alternatively) be stored onto storage device
34 for later access by destination device 14 or other devices,
for decoding and/or playback.

Destination device 14 includes an input interface 28, a
video decoder 30, and a display device 32. In some cases,
input interface 28 may include a receiver and/or a modem.
Input interface 28 of destination device 14 receives the
encoded video data over link 16. The encoded video data
communicated over link 16, or provided on storage device
34, may include a variety of syntax elements generated by
video encoder 20 for use by a video decoder, such as video
decoder 30, in decoding the video data. Such syntax ele-
ments may be included with the encoded video data trans-
mitted on a communication medium, stored on a storage
medium, or stored on a file server.

Display device 32 may be integrated with, or external to,
destination device 14. In some examples, destination device
14 may include an integrated display device and also be
configured to interface with an external display device. In
other examples, destination device 14 may be a display
device. In general, display device 32 displays the decoded
video data to a user, and may comprise any of a variety of
display devices such as a liquid crystal display (LCD), a
plasma display, an organic light emitting diode (OLED)
display, or another type of display device.

Video encoder 20 and video decoder 30 may operate
according to a video compression standard, such as the High
Efficiency Video Coding (HEVC) standard presently under
development, and may generally conform to the current
HEVC Test Model (HM) or a future HM.

Alternatively, video encoder 20 and video decoder 30 may
operate according to other proprietary or industry standards,
such as the ITU-T H.264 standard, alternatively referred to
as MPEG-4, Part 10, Advanced Video Coding (AVC), or
revisions or extensions of such standards. The techniques of
this disclosure are described as applicable to HEVC exten-
sions, but are not necessarily limited to any particular coding
standard. Other examples of video compression standards
include MPEG-2 and ITU-T H.263.

Although not shown in FIG. 1, in some aspects, video
encoder 20 and video decoder 30 may each be integrated
with an audio encoder and decoder, and may include appro-
priate MUX-DEMUX units, or other hardware and software,
to handle encoding of both audio and video in a common
data stream or separate data streams. If applicable, in some
examples, MUX-DEMUX units may conform to the ITU
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H.223 multiplexer protocol, or other protocols such as the
user datagram protocol (UDP).

Video encoder 20 and video decoder 30 each may be
implemented as any of a variety of suitable encoder cir-
cuitry, such as one or more microprocessors, digital signal
processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), discrete
logic, software, hardware, firmware or any combinations
thereof. When the techniques are implemented partially in
software, a device may store instructions for the software in
a suitable, non-transitory computer-readable medium and
execute the instructions in hardware using one or more
processors to perform the techniques of this disclosure. Each
of video encoder 20 and video decoder 30 may be included
in one or more encoders or decoders, either of which may be
integrated as part of a combined encoder/decoder (CODEC)
in a respective device.

In the illustrated example of FIG. 1, a video coder, such
as a video encoder 20 or a video decoder 30 may transmit or
receive a non-entropy encoded set of profile, tier, and level
syntax structures. For example, video encoder 20 may
transmit a non-entropy encoded set of profile, tier, and level
syntax structures and video decoder 30 may receive a
non-entropy encoded set of profile, tier, and level syntax
structures, e.g., sent from video encoder 20.

The non-entropy encoded set of profile, tier, and level
syntax structures may be at a position within a VPS exten-
sion prior to other syntax elements of the VPS extension that
are entropy encoded. The video coder (e.g., video encoder
20 or video decoder 30) may refer to one of the profile, tier,
and level syntax structures for each of a plurality of output
layer sets and decode video data of one of the output layer
sets based on information from the profile, tier, and level
syntax structure referred to for the output layer set. For
example, video encoder 20 may refer to one of the profile,
tier, and level syntax structures for each of a plurality of
output layer sets and encode video data of one of the output
layer sets based on information from the profile, tier, and
level syntax structure referred to for the output layer set.
Video decoder 30 may refer to one of the profile, tier, and
level syntax structures for each of a plurality of output layer
sets and decode video data of one of the output layer sets
based on information from the profile, tier, and level syntax
structure referred to for the output layer set.

In some examples, the video coder may further transmit
or receive a sequence parameter set (SPS) with a nuh_lay-
er_id equal to 0, wherein the SPS includes a profile, tier, and
level syntax structure for a layer of video data. The nuh_lay-
er_id may be used to indicate a particular layer. A layer may
be a set of video coding layer (VCL) network abstraction
layer (NAL) units that all have a particular value of nuh_lay-
er_id and the associated non-VCL NAL units, or one of a set
of syntactical structures having a hierarchical relationship.
nuh_layer_id shall be equal to 0 in a bitstream containing
only one layer. Other values of nuh_layer_id may appear in
bitstreams containing multiple layers. In an example, a NAL
unit is a syntax structure containing an indication of the type
of data to follow and bytes containing that data in the form
of a raw byte sequence payload (RBSP) interspersed as
necessary with emulation prevention bytes. In an example,
an RBSP is a syntax structure containing an integer number
of bytes that is encapsulated in a NAL unit and that is either
empty or has the form of a string of data bits containing
syntax elements followed by an RBSP stop bit and zero or
more subsequent bits equal to O.

Video encoder 20 may transmit an SPS with a nuh_lay-
er_id equal to 0, wherein the SPS includes the profile, tier,



US 9,473,771 B2

11

and level syntax structure for a layer of video data. Video
decoder 30 may receive the SPS with a nuh_layer_id equal
to 0, wherein the SPS includes a profile, tier, and level
syntax structure for a layer of video data.

In some examples, when a layer with nuh_layer_id
greater than O refers to the SPS, the video decoder might not
decode video data of the layer with nuh_layer_id greater
than 0 using the profile, tier, and level syntax structure of the
SPS. Some examples may link the profile, tier, and level
syntax structures to respective ones of the output layer sets.
Accordingly, one or more specific profile, tier, and level
syntax structures may be connected to one or more specific
output layer sets such that the one or more specific profile,
tier, and level syntax structures may be used to encode
and/or decode one or more specific output layer sets. Link-
ing may include identifying each of the output layer sets to
which each of the profile, tier and level syntax structures is
linked based on a syntax element representing an index to
the profile, tier, and level syntax structures. Decoding video
data may include decoding video data of one or more of the
output layer sets based on information from the profile, tier,
and level syntax structures linked to the respective output
layer sets.

In an example that includes multiple layers, a bitstream of
all of the layers may be split into multiple compliant
bitstreams, e.g., one bitstream for each layer set. Each of
these multiple compliant bitstreams may be referred to as a
layer set. The layer set may include a reference to the
particular layer and any reference layers which that particu-
lar layer is dependent upon for decoding. This assumes there
are reference layers that the particular layer depends on.
Accordingly, a layer set is a compliant bitstream that may
include NAL units associated with the particular layer and
NAL units for any reference layers required for decoding the
particular layer.

An output layer set is a layer set for which the list of target
output layers is specified. For a layer set, the list of target
output layers is not specified. The output layer set may be for
one or more particular layers that are intended to be output
for display. In some examples, more than one output layer
set may be signalled for one layer set.

In some examples, the video coder (e.g., video encoder 20
or video decoder 30) may transmit or receive, as applicable,
an output layer flag [i][j] that, when equal to 1, specifies that
a j-th layer in the layer set is a target output layer of an i-th
output layer set, and, when equal to O, specifies that the j-th
layer in the layer set is not the target output layer of the i-th
output layer set. For examples, video encoder 20 may
transmit an output layer flag [i] [j] that, when equal to 1,
specifies that a j-th layer in the layer set is a target output
layer of an i-th output layer set, and, when equal to O,
specifies that the j-th layer in the layer set is not the target
output layer of the i-th output layer set. Video decoder 30
may transmit an output layer flag [i] [j] that, when equal to
1, specifies that a j-th layer in the layer set is a target output
layer of an i-th output layer set, and, when equal to O,
specifies that the j-th layer in the layer set is not the target
output layer of the i-th output layer set.

The video coder (e.g., video encoder 20 or video decoder
30) may also generate the output layer set based on the
output layer flag [i] [j] by specitying the layers correspond-
ing to output layer flag [i] [j] equal to 1 as the associated list
of target output layers. For example, video encoder 20 may
encode the output layer set based on the output layer flag [i]
[7]- Video decoder 30 may decode the output layer set based
on the output layer flag [i] [j]. In the illustrated example of
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FIG. 1, a video coder, such as a video encoder 20 or a video
decoder 30 may code multilayer video data including layers
of video data.

The video coder (e.g., video encoder 20 or video decoder
30) may transmit or receive a non-entropy encoded layer
dependency information at a position within a VPS exten-
sion prior to syntax elements of the VPS extension that are
entropy encoded. This can allow the layer dependency
information to be encoded or decoded by devices that do not
include an entropy coder, e.g., such as a MANE. Addition-
ally, it may also allow the layer dependency information to
be coded sooner. For example, the layer dependency infor-
mation may be decoder earlier in the decoding process. For
example, video encoder 20 may transmit a non-entropy
encoded layer dependency information at a position within
a VPS extension prior to syntax elements of the VPS
extension that are entropy encoded. Video decoder 30 may
receive a non-entropy encoded layer dependency informa-
tion at a position within a VPS extension prior to syntax
elements of the VPS extension that are entropy encoded.

The video coder (e.g., video encoder 20 or video decoder
30) may code video data of one or more of the layers of
video data based on the non-entropy encoded layer depen-
dency information. For example, video encoder 20 may
encode video data of one or more of the layers of video data
based on the non-entropy encoded layer dependency infor-
mation. Video decoder 30 may encode video data of one or
more of the layers of video data based on the non-entropy
encoded layer dependency information. The layer depen-
dency information indicates whether one of the layers is a
direct reference layer for another of the layers.

In some examples, the layer dependency information
includes a direct_dependency_flag|i][j] that, when equal to
0, specifies that a layer with index j is not a direct reference
layer for a layer with index I, and when equal to 1, specifies
that the layer with index j may be a direct reference layer for
the layer with index i.

One example of the systems, methods, and devices
described herein provides for a set of profile_tier_level( )
syntax structures to be signalled in VPS extension syntax. In
some examples, the set of profile_tier_level( ) syntax struc-
tures is signalled in VPS extension syntax at a position
within the VPS extension syntax that is accessible without
entropy coding, i.e., prior to entropy-coded elements in the
VPS extension syntax.

Some examples provide profile, tier, and level syntax
structures before entropy coded elements of the VPS exten-
sion syntax. These syntax structures can be linked to output
layer sets. In some examples, the syntax element vps_num_
layer_sets_minus]1 plusl specifies the number of layer sets
that are specified by the VPS. A layer set may be a set
including a layer and any (zero or more) other layers on
which the layer is dependent. For example, a layer set for
layer 2 in scalable video coding may include layer 0, layer
1 and layer 2. For each layer set, one or more output layer
sets may be specified. Each output layer set is designated to
have a profile, level and tier.

In one example of the disclosure, a portion of the VPS
syntax may be as follows in Table 1:

TABLE 1

An example portion of the VPS syntax

video_parameter_set_rbsp( ) { Descriptor
vps_video_parameter_set_id u4)
vps_reserved_three 2bits u(2)
vps_max_layers_minusl u(6)
vps_max_sub_layers_minusl u(3)
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TABLE 1-continued

14
TABLE 2-continued

An example portion of the VPS syntax

video_parameter_set_rbsp( ) { Descriptor
vps_temporal_id_nesting_flag u(l)
vps_extension_offset //vps_reserved_Ox{fff_16bits u(16)
profile_tier_level( 1, vps_max_sub_layers_minusl )
vps_sub_layer ordering info_present_flag u(l)
for( i = ( vps_sub_layer_ordering_info_present flag ? 0 :
vps_max_sub_layers_minusl );
i <= vps_max_sub_layers_minusl; i++ ) {
vps_max_dec_pic_buffering minusl[i ] ue(v)
vps_max_num_reorder_pics[ i ] ue(v)
vps_max_latency_increase_plusl[ i ] ue(v)
¥
vps_max_layer_id u(6)
vps_num_layer_sets_minusl ue(v)
for(i=1;1i<=vps_num_layer_sets_minusl; i++ )

for( j = 0; j <= vps_max_layer_id; j++ )

layer_id_included_flag[ i ][] ] u(l)

vps_timing_info_present_flag u(l)
if( vps_timing_info_present_flag ) {

vps_num_units_in_tick u(32)

vps_time_scale u(32)

vps_poc_proportional_to_timing flag u(l)

if( vps_poc_proportional_to_timing flag )

vps_num_ticks_poc_diff_ one_minusl ue(v)
vps_num_hrd_parameters ue(v)

As illustrated above in the example of Table 1, vps_num_
layer_sets_minusl is entropy coded, as indicated by the
ue(v) descriptor, in the VPS, and there are other entropy
coded syntax elements before vps_num_layer sets_minusl
in the VPS. In some examples, entropy decoding may be
undesirable. This may be particularly true for intermediate
network devices that may perform splicing or stream adap-
tation (e.g., temporal rate, quality, spatial adaptation). A
decoder (e.g., video decoder 30) will generally have an
entropy decoder. In many cases, however, it may be desir-
able for an intermediate network device to not have an
entropy decoder. This simplifies the intermediate device,
which may decrease cost and power consumption in some
cases. In addition, in either case, it may be desirable to
quickly access profile, tier, and level information without
having to perform entropy decoding.

To avoid entropy decoding the profile, level and tier
syntax structures (profile_tier level( ) syntax), in some
examples, this disclosure proposes presenting the profile,
level and tier syntax structures before any entropy-coded
elements in the VPS extension syntax, and accessible with-
out parsing the entropy-coded vps_num_layer sets_minus1
syntax element. In some cases, extensions may be developed
for video coding standards, such as the HEVC video coding
standards. These extensions may provide additional func-
tionality not provided by or not required by the video coding
standards. An extension syntax is a syntax for one of these
extensions to a video coding standard. For example, the VPS
extension syntax may include the syntax of messages used
for an extension to the HEVC video coding standards.
Previously, it appears that these would be accessed as each
layer is accessed. Now, a system, method, or device imple-
menting one or more of the concepts described herein may
access all of them up front, and then link them later.

TABLE 2

Example syntax in the VPS extension

vps_num_profile_tier_level_minusl
for(i=1;1i<=vps_num_profile_tier_level_minusl; i++ ) {

u(6)
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Example syntax in the VPS extension

vps_profile_present flag[ i ]
if( 'vps_profile_present_flag[ i ])
profile_ref minus1[ i ]
profile_tier_level( vps_profile_present_flag[ i ],
vps_max_sub_layers _minusl )

}

u(l)

u(6)

As used in Table 2, vps_num_profile_tier_level_minusl
plusl specifies the number of profile_tier_level( ) syntax
structures in the VPS. A vps_profile_present_flag[i]| equal to
1 specifies that the profile and tier information is present in
the i-th profile_tier_level( ) syntax structure. A vps_pro-
file_present_flag[lsIdx] equal to O specifies that profile and
tier information is not present in the i-th profile_tier_
level( ) syntax structure and may be inferred for the i-th
profile_tier_level( ) syntax structure.

The syntax element profile_ref minus1[i] specifies that the
profile and tier information for the i-th profile_tier_level( )
syntax structure may be inferred to be equal to the profile
and tier information for the (profile_ref minusl[i]+1)-th
profile_tier_level( ) syntax structure. The value of profil-
e_ref minus1[i]+] may be less than i.

As illustrated in Table 2, in the syntax above, the decoder
or intermediate network device loops through a set of
profile_tier_level () syntax structures to access them before
parsing elements of the syntax for which entropy coding is
required (later in the VPS extension syntax). These syntax
structures may also be linked to corresponding layer sets
with another looping process. In particular, profile_level_t-
ier_idx[i] specifies the index, into the set of profile_tier_
level( ) syntax structures in the VPS, of the profile_tier_level
() syntax structure that applies to i-th output layer set.

For another example aspect, systems, methods, and
devices implementing one or more examples described
herein may use output_layer_set_idx_minus1[i] to indicate
the index of the layer set for layers above layer O (the base
layer).

The output_layer_set_idx_minusl1[i] plusl specifies the
index (IsIdx) of the layer set for the i-th output layer set. In
an example, the value of output_layer_set_idx_minus1[i]
may be in the range of 0 to vps_num_layer_sets_minus1-1,
inclusive. The length of the output_layer_set_idx_minus1[i]
syntax element is Ceil(Log 2(vps_num_layer sets_minus1))
bits.

Another example of the systems, methods, and devices
described herein provides for coding multilayer video data
including layers of video data. These systems, methods, and
devices may be configured to perform operations including
transmitting or receiving a non-entropy encoded layer
dependency information at a position within a VPS exten-
sion prior to syntax elements of the VPS extension that are
entropy encoded. Additionally, the systems, methods, and
devices may decode video data of one or more of the layers
of video data based on the non-entropy encoded layer
dependency information. The layer dependency information
indicates whether one of the layers is a direct reference layer
for another of the layers.

According to one example, a video coder, such as video
encoder 20 or video decoder 30 may code more than one
output layer set for one layer set in accordance with the
techniques of this disclosure. For example, video encoder 20
may encode more than one output layer set for one layer set.
The encoded output layer sets may be signalled, transmitted
or otherwise transferred by output interface 22 through link
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16 or using storage device 34 and received by input interface
28. The encoded output layer sets may be decoded by video
decoder 30.

According to another example, a video coder, such as
video encoder 20 or video decoder 30 may code all profile,
tier, and/or level information in the VPS, potentially in a way
that it is accessible without entropy decoding in accordance
with the techniques of this disclosure. For example, video
encoder 20 may encode all profile, tier, level information in
the VPS, potentially in a way that it is potentially accessible
without entropy decoding, i.e., without entropy encoding the
profile, tier, and/or level information. The encoded profile,
tier, and/or level information in the VPS may be signalled,
transmitted, or otherwise transferred by output interface 22
through link 16 or using storage device 34 and received by
input interface 28. The encoded profile, tier, and/or level
information in the VPS may be decoded by video decoder
30, which may be a device that does not include an entropy
decoder, such as a MANE. Some examples may use reduced
or limited entropy encoding for the profile, tier, level infor-
mation in the VPS. For example, perhaps some profile, tier,
level information in the VPS is entropy encoded while other
profile, tier, level information in the VPS is not entropy
encoded.

According to another example, a video coder, such as
video encoder 20 or video decoder 30 may code layer
dependency information in the VPS such that it is accessible
without entropy decoding in accordance with the techniques
of this disclosure. For example, video encoder 20 may
encode layer dependency information in the VPS such that
it is accessible without entropy decoding, i.e., without
entropy encoding the layer dependency information. The
encoded layer dependency information in the VPS may be
signalled, transmitted, or otherwise transferred by output
interface 22 through link 16 or using storage device 34 and
received by input interface 28. The encoded layer depen-
dency information in the VPS may be decoded by video
decoder 30, which may be a device that does not include an
entropy decoder, such as a MANE.

According to another example, a video coder, such as
video encoder 20 or video decoder 30 may code represen-
tation format in the VPS, potentially in a way that it is
accessible without entropy decoding in accordance with the
techniques of this disclosure, and each layer may be asso-
ciated with a particular representation format. For example,
video encoder 20 may encode representation format in the
VPS, potentially in a way that it is accessible without
entropy decoding, i.e., without entropy encoding the repre-
sentation format in the VPS. The encoded representation
format in the VPS may be signalled, transmitted, or other-
wise transferred by output interface 22 through link 16 or
using storage device 34 and received by input interface 28.
The encoded representation format in the VPS may be
decoded by video decoder 30, which may be a device that
does not include an entropy decoder, such as a MANE.
Some examples may use reduced or limited entropy decod-
ing for the profile, tier, level information in the VPS. For
example, perhaps some profile, tier, level information in the
VPS is entropy decoded while other profile, tier, level
information in the VPS is not entropy decoded (e.g., because
some profile, tier, level information in the VPS was entropy
encoded while other profile, tier, level information in the
VPS was not entropy encoded).

According to another example, a video coder, such as
video encoder 20 or video decoder 30 may code visual signal
information (video_format, video_full_range_flag,
colour_primaries, transfer_characteristics, matrix_coeffs)
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per layer in the VPS in accordance with the techniques of
this disclosure. For example, video encoder 20 may encode
the visual signal information per layer in the VPS. The
encoded visual signal information may be signalled, trans-
mitted, or otherwise transferred by output interface 22
through link 16 or using storage device 34 and received by
input interface 28. The encoded visual signal information
per layer in the VPS may be decoded by video decoder 30.
In some examples, the video_format parameter indicates a
format of a representation of pictures to be coded. The
video_full_range_flag parameter indicates the black level
and range of the luma and chroma signals. The colour_pri-
maries parameter indicates the chromaticity coordinates of
the source primaries. The transfer_characteristics parameter
indicates the opto-electronic transfer characteristic of the
source picture. The matrix_coeffs parameter describes the
matrix coefficients used in deriving luma and chroma signals
from the green, blue, and red primaries.

According to another example, an SPS may be shared by
layers with different spatial resolutions, bit depth, or color
formats in accordance with the techniques of this disclosure.
A video coder, such as video encoder 20 or video decoder 30
may code the SPS. For example, video encoder 20 may
encode the SPS. The encoded SPS may be signalled, trans-
mitted, or otherwise transferred by output interface 22
through link 16 or using storage device 34 and received by
input interface 28. The encoded SPS may be decoded by
video decoder 30.

According to another example, no timing information is
provided in a VUI of SPSs with layer ID greater than 0 in
accordance with the techniques of this disclosure. A video
coder, such as video encoder 20 or video decoder 30 may
code the SPS with a layer ID greater than 0, which does not
include timing information in the VUI. For example, video
encoder 20 may encode the SPS. The encoded SPS may be
signalled, transmitted, or otherwise transferred by output
interface 22 through link 16 or using storage device 34 and
received by input interface 28. The encoded SPS may be
decoded by video decoder 30.

According to another example, no explicit signaling of
target output layers is provided for the default output layer
sets in accordance with the techniques of this disclosure. A
video coder, such as video encoder 20 or video decoder 30
may code the default output layer sets, which does not
include any explicit signaling of target output layers for the
default output layer sets. For example, video encoder 20
encodes the default output layer sets. The encoded default
output layer sets may be signalled, transmitted, or otherwise
transferred by output interface 22 through link 16 or using
storage device 34 and received by input interface 28. The
encoded default output layer sets may be decoded by video
decoder 30.

According to another example, signaling of the maximum
number of temporal sub-layers that may be present (sps_
max_sub_layers_minusl) and whether inter prediction is
additionally restricted (sps_temporal_id_nesting_flag) is
absent in SPSs with layer ID (nuh_layer_id) greater than 0.
A video coder, such as video encoder 20 or video decoder 30
may code video data without coding, in SPSs with layer ID
greater than 0, the maximum number of temporal sub-layers
that may be present in each CVS referring to the SPS and
without coding whether inter prediction is additionally
restricted for CVSs referring to the SPS. For example, video
encoder 20 may encode video data without coding, in SPSs
with layer ID greater than 0, the maximum number of
temporal sub-layers that may be present in each CVS
referring to the SPS and whether inter prediction is addi-
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tionally restricted for CVSs referring to the SPS. The
encoded information may be signalled, transmitted, or oth-
erwise transferred by output interface 22 through link 16 or
using storage device 34 and received by input interface 28.
The encoded information may be decoded by video decoder
30.

According to another example, syntax element output_
layer_set_idx[i] may be changed to output_layer_set_idx_
minus1[i] in accordance with the techniques of this disclo-
sure. A video coder, such as video encoder 20 or video
decoder 30 may code output_layer_set_idx_minusl1[i] to
indicate the index of the layer set that corresponds to an
output layer set.

FIG. 2 is a block diagram illustrating an example video
encoder 20 that may implement the techniques described in
this disclosure. Video encoder 20 may perform intra- and
inter-coding of video blocks within video slices. Intra-
coding relies on spatial prediction to reduce or remove
spatial redundancy in video within a given video frame or
picture. Inter-coding relies on temporal prediction or inter-
layer to reduce or remove temporal redundancy or inter-
layer redundancy in video within adjacent frames or pictures
in the same layer or across different layers of a video
sequence. Intra-mode (I mode) may refer to any of several
spatial based compression modes. Inter-modes, such as
uni-directional prediction (P mode) or bi-prediction (B
mode), may refer to any of several temporal-based com-
pression modes.

In the example of FIG. 2, video encoder 20 includes video
data memory 40, a prediction processing unit 41, reference
picture memory 64, summer 50, transform processing unit
52, quantization processing unit 54, and entropy encoding
processing unit 56. Prediction processing unit 41 includes
motion estimation processing unit 42, motion compensation
processing unit 44, and intra prediction processing unit 46.
For video block reconstruction, video encoder 20 also
includes inverse quantization processing unit 58, inverse
transform processing unit 60, and summer 62. A deblocking
filter (not shown in FIG. 2) may also be included to filter
block boundaries to remove blockiness artifacts from recon-
structed video. If desired, the deblocking filter would typi-
cally filter the output of summer 62. Additional loop filters
(in loop or post loop) may also be used in addition to the
deblocking filter.

Video data memory 40 may store video data to be encoded
by the components of video encoder 20. The video data
stored in video data memory 40 may be obtained, for
example, from video source 18. A decoded picture buffer
(DPB) may be a reference picture memory 64 that stores
reference video data for use in encoding video data by video
encoder 20, e.g., in intra- or inter-coding modes. Video data
memory 40 and the DPB (e.g., reference picture memory 64)
may be formed by any of a variety of memory devices, such
as dynamic random access memory (DRAM), including
synchronous DRAM (SDRAM), magnetoresistive RAM
(MRAM), resistive RAM (RRAM), or other types of
memory devices. Video data memory 40 and the DPB (e.g.,
reference picture memory 64) may be provided by the same
memory device or separate memory devices. In various
examples, video data memory 101 may be on-chip with
other components of video encoder 20, or off-chip relative
to those components.

As shown in FI1G. 2, video encoder 20 receives video data,
and prediction processing unit 41 partitions the data into
video blocks. In some cases, prediction processing unit 41
may partition video data based on a rate distortion analysis.
Received video data may be formatted according to any of
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the sample formats described above. For example, video
data may be formatted according to the 4:2:2 sample format.
Partitioning may include partitioning video data into slices,
tiles, or other larger units, as well as video block partition-
ing, e.g., according to a quadtree structure of LCUs and
CUs.

Video encoder 20 generally illustrates the components
that encode video blocks within a video slice to be encoded.
The slice may be divided into multiple video blocks (and
possibly into sets of video blocks referred to as tiles).
Prediction processing unit 41 may select one of a plurality
of possible coding modes, such as one of a plurality of intra
coding modes or one of a plurality of inter coding modes, for
the current video block based on error results (e.g., coding
rate and the level of distortion). Prediction processing unit
41 may provide the resulting intra- or inter-coded block to
summer 50 to generate residual block data and to summer 62
to reconstruct the encoded block for use as a reference
picture.

Intra prediction processing unit 46 within prediction pro-
cessing unit 41 may perform intra-predictive coding of the
current video block relative to one or more neighboring
blocks in the same frame or slice as the current block to be
coded to provide spatial compression. Motion estimation
processing unit 42 and motion compensation processing unit
44 within prediction processing unit 41 perform inter-pre-
dictive coding of the current video block relative to one or
more predictive blocks in one or more reference pictures to
provide temporal compression.

Motion estimation processing unit 42 may be configured
to determine the inter-prediction mode for a video slice
according to a predetermined pattern for a video sequence.
The predetermined pattern may designate video slices in the
sequence as P slices or B slices. Motion estimation process-
ing unit 42 and motion compensation processing unit 44
may be highly integrated, but are illustrated separately for
conceptual purposes. Motion estimation, performed by
motion estimation processing unit 42, is the process of
generating motion vectors, which estimate motion for video
blocks. A motion vector, for example, may indicate the
displacement of a prediction unit (PU) of a video block
within a current video frame or picture relative to a predic-
tive block within a reference picture.

A predictive block, for inter-coding, may be a block that
is found to closely match the PU of the video block to be
coded in terms of pixel difference, which may be determined
by sum of absolute difference (SAD), sum of square differ-
ence (SSD), or other difference metrics. Alternatively, a
predictive block, for intra-coding, may be a block that is
formed based on spatial prediction with respect to pixel
values from one or more neighboring blocks. In some
examples, for inter-prediction, video encoder 20 may cal-
culate values for sub-integer pixel positions of reference
pictures stored in reference picture memory 64. For
example, video encoder 20 may interpolate values of one-
quarter pixel positions, one-eighth pixel positions, or other
fractional pixel positions of the reference picture. Therefore,
motion estimation processing unit 42 may perform a motion
search relative to the full pixel positions and fractional pixel
positions and output a motion vector with fractional pixel
precision.

Motion estimation processing unit 42 calculates a motion
vector for a PU of a video block in an inter-coded slice by
comparing the position of the PU to the position of a
predictive block of a reference picture. The reference picture
may be selected from a first reference picture list (List 0) or
a second reference picture list (List 1), each of which
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identify one or more reference pictures stored in reference
picture memory 64. Motion estimation processing unit 42
sends the calculated motion vector to entropy encoding
processing unit 56 and motion compensation processing unit
44.

Motion compensation, performed by motion compensa-
tion processing unit 44, may involve fetching or generating
the predictive block based on the motion vector determined
by motion estimation, possibly performing interpolations to
sub-pixel precision. Upon receiving the motion vector for
the PU of the current video block, motion compensation
processing unit 44 may locate the predictive block to which
the motion vector points in one of the reference picture lists.

Video encoder 20 forms a residual video block, for inter
or intra coding, by subtracting pixel values of the predictive
block from the pixel values of the current video block being
coded, forming pixel difference values. The pixel difference
values form residual data for the block, and may include
both luma and chroma difference components. Summer 50
represents the component or components that perform this
subtraction operation. Motion compensation processing unit
44 may also generate syntax elements associated with the
video blocks and the video slice for use by video decoder 30
in decoding the video blocks of the video slice.

Intra-prediction processing unit 46 may intra-predict a
current block, as an alternative to the inter-prediction per-
formed by motion estimation processing unit 42 and motion
compensation processing unit 44, as described above. In
particular, intra-prediction processing unit 46 may deter-
mine an intra-prediction mode to use to encode a current
block. In some examples, intra-prediction processing unit 46
may encode a current block using various intra-prediction
modes, e.g., during separate encoding passes, and intra-
prediction processing unit 46 (or a mode select processing
unit, in some examples) may select an appropriate intra-
prediction mode to use from the tested modes.

For example, intra-prediction processing unit 46 may
calculate rate-distortion values using a rate-distortion analy-
sis for the various tested intra-prediction modes, and select
the intra-prediction mode having the best rate-distortion
characteristics among the tested modes. Rate-distortion
analysis generally determines an amount of distortion (or
error) between an encoded block and an original, unencoded
block that was encoded to produce the encoded block, as
well as a bit rate (that is, a number of bits) used to produce
the encoded block. Intra-prediction processing unit 46 may
calculate ratios from the distortions and rates for the various
encoded blocks to determine which intra-prediction mode
exhibits the best rate-distortion value for the block. It should
be noted that rate-distortion analysis may be performed on
an combination of the color components.

In any case, after selecting an intra-prediction mode for a
block, intra-prediction processing unit 46 may provide infor-
mation indicative of the selected intra-prediction mode for
the block to entropy encoding processing unit 56. Entropy
encoding processing unit 56 may encode the information
indicating the selected intra-prediction mode in accordance
with the techniques of this disclosure. Video encoder 20 may
include in the transmitted bitstream configuration data,
which may include a plurality of intra-prediction mode
index tables and a plurality of modified intra-prediction
mode index tables (also referred to as codeword mapping
tables), definitions of encoding contexts for various blocks,
and indications of a most probable intra-prediction mode, an
intra-prediction mode index table, and a modified intra-
prediction mode index table to use for each of the contexts.
The bitstream may also (or alternatively) be stored onto
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storage device 34 for later access by destination device 14 or
other devices, for decoding and/or playback.

After prediction processing unit 41 generates the predic-
tive block for the current video block via either inter
prediction or intra prediction, video encoder 20 forms a
residual video block by subtracting the predictive block
from the current video block. The residual video data in the
residual block may be included in one or more transform
units (TUs) and applied to transform processing unit 52.
Note that transform processing unit 52 refers to a compo-
nent, module, processor or processors, or functional unit of
video encoder 20, and should not be confused with a TU,
which is a basic unit of data for the transform and quanti-
zation process. Transform processing unit 52 transforms the
residual video data into residual transform coefficients using
a transform, such as a discrete cosine transform (DCT) or a
conceptually similar transform. Transform processing unit
52 may convert the residual video data from a pixel domain
to a transform domain, such as a frequency domain. Trans-
form processing unit 52 may send the resulting transform
coeflicients to quantization processing unit 54.

In the illustrated example of FIG. 2, a video encoder 20
may refer to one of the profile, tier, and level syntax
structures for each of a plurality of output layer sets and
encode video data of one of the output layer sets based on
information from the profile, tier, and level syntax structure
referred to for the output layer set.

Video encoder 20 may transmit a non-entropy encoded set
of profile, tier, and level syntax structures. The non-entropy
encoded set of profile, tier, and level syntax structures may
be at a position within a VPS extension prior to syntax
elements of the VPS extension that are entropy encoded,
such that an intermedia networking device, splicing engine,
media aware network element, or decoder can parse the
non-entropy encoded set of profile, tier, and level syntax
structures without the need for entropy coding.

In some examples, the video encoder 20 may transmit or
receive an SPS with a nuh_layer_id equal to 0, wherein the
SPS includes a profile, tier, and level syntax structure for a
layer of video data. For example, video encoder 20 may send
an SPS with a nuh_layer_id equal to 0, wherein the SPS
includes a profile, tier, and level syntax structure for a layer
of video data.

Video encoder 20 may encode the output layer set based
on the output layer flag [i] [j]. Video encoder 20 may also
transmit an output layer flag [i] [j] that, when equal to 1,
specifies that a j-th layer in the layer set is a target output
layer of an i-th output layer set, and, when equal to O,
specifies that the j-th layer in the layer set is not the target
output layer of the i-th output layer set.

Video encoder 20 may non-entropy encode some video
data of one or more of the layers of video data. The
non-entropy encoded video data may include layer depen-
dency information. The layer dependency information may
indicate whether one of the layers is a direct reference layer
for another of the layers. In some examples, the layer
dependency information includes a direct_dependency_flag
[1][] that, when equal to 0, specifies that a layer with index
j 1s not a direct reference layer for a layer with index I, and
when equal to 1, specifies that the layer with index j may be
a direct reference layer for the layer with index i.

Video encoder 20 may transmit the non-entropy encoded
layer dependency information at a position within a VPS
extension prior to syntax elements of the VPS extension that
are entropy encoded.
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According to one example, video encoder 20 may encode
more than one output layer set for one layer set. In some
examples, the encoding may be performed by entropy
encoding processing unit 56.

According to another example, video encoder 20 may
encode all profile, tier, level information in the VPS, poten-
tially in a way that it is accessible without entropy decoding,
i.e., without entropy encoding the profile, tier, and/or level
information. In some examples, the encoding may be per-
formed by entropy encoding processing unit 56, however,
without entropy encoding. Accordingly, entropy encoding
processing unit may perform other types of encoding in
addition to entropy encoding.

According to another example, video encoder 20 may
encode layer dependency information in the VPS such that
it is accessible without entropy decoding, i.e., without
entropy encoding the layer dependency information. In
some examples, the encoding may be performed by entropy
encoding processing unit 56, however, without entropy
encoding. Accordingly, entropy encoding processing unit
may perform other types of encoding in addition to entropy
encoding.

According to another example, video encoder 20 may
encode representation format in the VPS, potentially in a
way that it is accessible without entropy decoding, i.e.,
without entropy encoding the representation format in the
VPS. In some examples, each layer may be associated with
a particular representation format. In some examples, the
encoding may be performed by entropy encoding processing
unit 56, however, without entropy encoding. Accordingly,
entropy encoding processing unit may perform other types
of encoding in addition to entropy encoding. Video encoder
20 or may encode representation format in the VPS, poten-
tially in a way that it is accessible without entropy decoding
in accordance with the techniques of this disclosure, and
each layer may be associated with a particular representation
format.

According to another example, video encoder 20 may
code visual signal information (video_format, video_full_
range_flag, colour_primaries, transfer_characteristics,
matrix_coeffs) per layer in the VPS in accordance with the
techniques of this disclosure. In some examples, the encod-
ing may be performed by entropy encoding processing unit
56.

According to another example, an SPS may be shared by
layers with different spatial resolutions, bit depth, or color
formats in accordance with the techniques of this disclosure.
Video encoder 20 may encode the SPS. In some examples,
the encoding may be performed by entropy encoding pro-
cessing unit 56.

According to another example, no timing information is
provided in VUI of SPS with layer ID greater than O in
accordance with the techniques of this disclosure. Video
encoder 20 may encode the SPS. In some examples, the
encoding may be performed by entropy encoding processing
unit 56.

According to another example, no explicit signaling of
target output layers is provided for the default output layer
sets in accordance with the techniques of this disclosure.
Video encoder 20 may encode the default output layer sets.
In some examples, the encoding may be performed by
entropy encoding processing unit 56.

According to another example, signaling of the maximum
number of temporal sub-layers that may be present (sps_
max_sub_layers_minusl) and whether inter prediction is
additionally restricted (sps_temporal_idnesting_flag) occurs
in an SPS only when the nuh_layer_id_is equal to 0, i.e. not
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signalled in SPS with layer ID greater than 0. Video encoder
20 may encode video data without coding in SPSs with layer
ID greater than 0 the maximum number of temporal sub-
layers that may be present in each CVS referring to the SPS
and whether inter prediction is additionally restricted for
CVSs referring to the SPS. In some examples, the encoding
may be performed by entropy encoding processing unit 56.

According to another example, syntax element output_
layer_set_idx[i] may be changed to output_layer_set_idx_
minus1[i] in accordance with the techniques of this disclo-
sure. Video encoder 20 may encode the syntax element
output_layer_set_idx_minus1[i] to indicate the index of the
layer set that corresponds to the i-th output layer set speci-
fied by the VPS. In some examples, the encoding may be
performed by entropy encoding processing unit 56.

FIG. 3 is a block diagram illustrating an example video
decoder 30 that may implement the techniques described in
this disclosure. In the example of FIG. 3, video decoder 30
includes video data memory 78, an entropy decoding pro-
cessing unit 80, prediction processing unit 81, inverse quan-
tization processing unit 86, inverse transformation process-
ing unit 88, summer 90, and reference picture memory 92.
Prediction processing unit 81 includes motion compensation
processing unit 82 and intra prediction processing unit 84.
Video decoder 30 may, in some examples, perform a decod-
ing pass generally reciprocal to the encoding pass described
with respect to video encoder 20 from FIG. 2.

Video data memory 78 may store video data, such as an
encoded video bitstream, to be decoded by the components
of video decoder 30. The video data stored in video data
memory 78 may be obtained, for example, from a computer-
readable medium, e.g., from a local video source, such as a
camera, via wired or wireless network communication of
video data, or by accessing physical data storage media.
Video data memory 78 may form a coded picture buffer
(CPB) that stores encoded video data from an encoded video
bitstream. A decoded picture buffer (DPB) may be a refer-
ence picture memory 92 that stores reference video data for
use in decoding video data by video decoder 30, e.g., in
intra- or inter-coding modes. Video data memory 78 and the
DPB may be formed by any of a variety of memory devices,
such as dynamic random access memory (DRAM), includ-
ing synchronous DRAM (SDRAM), magnetoresistive RAM
(MRAM), resistive RAM (RRAM), or other types of
memory devices. Video data memory 78 and the DPB may
be provided by the same memory device or separate memory
devices. In various examples, video data memory 78 may be
on-chip with other components of video decoder 30, or
off-chip relative to those components.

During the decoding process, video decoder 30 receives
an encoded video bitstream that represents video blocks of
an encoded video slice and associated syntax elements from
video encoder 20. Entropy decoding processing unit 80 of
video decoder 30 entropy decodes the bitstream to generate
quantized coeflicients, motion vectors, and other syntax
elements. Entropy decoding processing unit 80 forwards the
motion vectors and other syntax elements to prediction
processing unit 81. Video decoder 30 may receive the syntax
elements at the video slice level and/or the video block level.

When the video slice is coded as an intra-coded (I) slice,
intra prediction processing unit 84 of prediction processing
unit 81 may generate prediction data for a video block of the
current video slice based on a signalled intra prediction
mode and data from previously decoded blocks of the
current frame or picture. When the video frame is coded as
an inter-coded (i.e., B or P) slice, motion compensation
processing unit 82 of prediction processing unit 81 produces
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predictive blocks for a video block of the current video slice
based on the motion vectors and other syntax elements
received from entropy decoding processing unit 80. The
predictive blocks may be produced from one of the reference
pictures within one of the reference picture lists. Video
decoder 30 may construct the reference frame lists, List O
and List 1, using default construction techniques based on
reference pictures stored in reference picture memory 92.

Motion compensation processing unit 82 determines pre-
diction information for a video block of the current video
slice by parsing the motion vectors and other syntax ele-
ments, and uses the prediction information to produce the
predictive blocks for the current video block being decoded.
For example, motion compensation processing unit 82 uses
some of the received syntax elements to determine a pre-
diction mode (e.g., one of a plurality of inter-prediction
modes) used to code the video blocks of the video slice, an
inter-prediction slice type (e.g., B slice or P slice), construc-
tion information for one or more of the reference picture lists
for the slice, motion vectors for each inter-encoded video
block of the slice, inter-prediction status for each inter-coded
video block of the slice, and other information to decode the
video blocks in the current video slice.

Motion compensation processing unit 82 may also per-
form interpolation based on interpolation filters. Motion
compensation processing unit 82 may use interpolation
filters as used by video encoder 20 during encoding of the
video blocks to calculate interpolated values for sub-integer
pixels of reference blocks. In this case, motion compensa-
tion processing unit 82 may determine the interpolation
filters used by video encoder 20 from the received syntax
elements and use the interpolation filters to produce predic-
tive blocks.

Inverse quantization processing unit 86 inverse quantizes,
i.e., de-quantizes, the quantized transform coefficients pro-
vided in the bitstream and decoded by entropy decoding
processing unit 80. The inverse quantization process may
include use of a quantization parameter calculated by video
encoder 20 for each video block in the video slice to
determine a degree of quantization and, likewise, a degree of
inverse quantization that should be applied.

Inverse transform processing unit 88 receives transform
coeflicients and applies an inverse transform, e.g., an inverse
DCT, an inverse integer transform, or a conceptually similar
inverse transform process, to the transform coefficients in
order to produce residual blocks in the pixel domain. In
some examples, inverse transform processing unit 88 may
receive transform coefficients that were generated by a video
encoder based on the transform unit partitioning techniques.

After motion compensation processing unit 82 or intra
prediction processing unit 84 generates the predictive block
for the current video block based on the motion vectors and
other syntax elements, video decoder 30 forms a decoded
video block by summing the residual blocks from inverse
transform processing unit 88 with the corresponding predic-
tive blocks generated by motion compensation processing
unit 82. Summer 90 represents the component or compo-
nents that perform this summation operation.

If desired, a deblocking filter may also be applied to filter
the decoded blocks in order to remove blockiness artifacts.
Other loop filters (either in the coding loop or after the
coding loop) may also be used to smooth pixel transitions,
or otherwise improve the video quality. The decoded video
blocks in a given frame or picture are then stored in
reference picture memory 92, which stores reference pic-
tures used for subsequent motion compensation. Reference
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picture memory 92 also stores decoded video for later
presentation on a display device, such as display device 32
of FIG. 1.

In the illustrated example of FIG. 3 video decoder 30 may
receive a non-entropy encoded set of profile, tier, and level
syntax structures.

Video decoder 30 may refer to one of the profile, tier, and
level syntax structures for each of a plurality of output layer
sets and decode video data of one of the output layer sets
based on information from the profile, tier, and level syntax
structure referred to for the output layer set.

In some examples, the video coder may transmit or
receive an SPS with a nuh_layer_id equal to 0, wherein the
SPS includes a profile, tier, and level syntax structure for a
layer of video data. Video decoder 30 may receive an SPS
with a nuh_layer_id equal to O, wherein the SPS includes a
profile, tier, and level syntax structure for a layer of video
data.

In some examples, when a layer with nuh_layer_id
greater than O refers to the SPS, video decoder 30 might not
decode video data of the layer with nuhlayer_id greater than
0 using the profile, tier, and level syntax structure of the SPS.

Video decoder 30 may transmit an output layer flag [i] [j]
that, when equal to 1, specifies that a j-th layer in the layer
set is a target output layer of an i-th output layer set, and,
when equal to 0, specifies that the j-th layer in the layer set
is not the target output layer of the i-th output layer set.

Video decoder 30 may also generate the output layer set
based on the output layer flag [i] [j].

In the illustrated example of FIG. 3, video decoder 30 may
decode multilayer video data including layers of video data.

Video decoder 30 may receive a non-entropy encoded
layer dependency information at a position within a VPS
extension prior to syntax elements of the VPS extension that
are entropy encoded.

Video decoder 30 may encode video data of one or more
of'the layers of video data based on the non-entropy encoded
layer dependency information. The layer dependency infor-
mation indicates whether one of the layers may be a direct
reference layer for another of the layers.

In some examples, the layer dependency information
includes a direct_dependency_flag|i][j] that, when equal to
0, specifies that a layer with index j is not a direct reference
layer for a layer with index i, and when equal to 1, specifies
that the layer with index j may be a direct reference layer for
the layer with index i.

In some examples, this disclosure describes methods for
enhanced designs of VPS and SPS for HEVC extensions,
including changes to signaling of profile, tier, and level
information for output layer sets, signaling of output layer
sets, and signaling of layer dependency. In some examples,
this disclosure also describes methods for enhanced designs
of VPS and SPS for HEVC extensions, including changes to
signaling of information on representation format (spatial
resolution, color format, and bit depth in the VPS (exten-
sion) for session negotiation as well as efficient signaling of
SPS parameters with individual control of different catego-
ries.

In some examples, the current VPS and SPS designs may
be associated at least with the following problems: (1)
because the syntax element vps_num_layer sets_minusl is
ue(v) coded and there are also other ue(v) coded syntax
elements before it, currently accessing of the profile, tier,
and level for layer sets needs entropy decoding; (2) simi-
larly, layer dependency information is not accessible without
entropy decoding; and (3) signaling of output layer set is
problematic and not efficient, because: (a) the syntax ele-
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ment layer_id included_flag[ |[ ]| used for output_lay-
er_set_idx[i] equal to O is for layer set O, while for layer set
0 layer_id_included_flag] ][ ] is not defined in HEVC
version 1 (i.e. HEVC WDI10), (b) it is clear that the target
output layer for layer set 0 is layer O (the base layer) anyway,
(c) currently at most one output layer set can be signalled for
each layer set and (d) currently, the syntax uses a loop of
layer IDs from O to the greatest possible layer ID in the VPS
is complicated.

In multiview scenarios, the case is often that one layer set
is associated with multiple sets of different target output
layers. Thus, the syntax element output_layer_flag|[1sIdx][j]
is changed to output_layer_flag[i][j], and related semantics
are changed accordingly, and, as mentioned above in item
(d), currently, the syntax uses a loop of layer IDs from 0 to
the greatest possible layer ID in the VPS is complicated. It
would be much simpler just to use a loop of the layers in the
layer set, excluding the highest layer in the layer set as that
layer is surely a target output layer.

According to one example, video decoder 30 may decode
more than one output layer set for one layer set. In some
examples, the decoding may be performed by entropy
encoding processing unit 80.

According to another example, video decoder 30 may
decode all profile, tier, level information in the VPS, poten-
tially in a way that it is accessible without having to entropy
decoding. In some examples, the decoding may be per-
formed by entropy decoding processing unit 80, however,
without entropy decoding. Accordingly, decoding may also
be performed by devices that do not have an entropy
decoder.

According to another example, video decoder 30 may
decode layer dependency information in the VPS such that
it is accessible without entropy decoding. In some examples,
the decoding may be performed by entropy decoding pro-
cessing unit 80, however, without entropy encoding.
Accordingly, decoding may also be performed by devices
that do not have an entropy decoder.

According to another example, video decoder 30 may
decode representation format in the VPS, potentially in a
way that it is accessible without entropy decoding, i.e.,
without entropy encoding the representation format in the
VPS. In some examples, the decoding may be performed by
entropy decoding processing unit 80, however, without
entropy decoding. Accordingly, decoding may also be per-
formed by devices that do not have an entropy decoder.
Video decoder 30 may decode representation format in the
VPS, potentially without entropy decoding in accordance
with the techniques of this disclosure, and each layer may be
associated with a particular representation format.

According to another example, video decoder 30 may
decode visual signal information (video_format, video_full_
range_flag, colour_primaries, transfer_characteristics,
matrix_coeffs) per layer in the VPS in accordance with the
techniques of this disclosure. In some examples, the encod-
ing may be performed by entropy encoding processing unit
80. In some examples, the video_format parameter indicates
a format of a representation of pictures to be coded. The
video_full_range_flag parameter indicates the black level
and range of the luma and chroma signals. The colour_pri-
maries parameter indicates the chromaticity coordinates of
the source primaries. The transfer_characteristics parameter
indicates the opto-electronic transfer characteristic of the
source picture. The matrix_coeffs parameter describes the
matrix coefficients used in deriving luma and chroma signals
from the green, blue, and red primaries.
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According to another example, an SPS may be shared by
layers with different spatial resolutions, bit depth, or color
formats in accordance with the techniques of this disclosure.
Video decoder 30 may decode the SPS. In some examples,
the encoding may be performed by entropy encoding pro-
cessing unit 80.

According to another example, no timing information is
provided in VUI of SPSs with layer ID greater than 0 in
accordance with the techniques of this disclosure. Video
decoder 30 may decode the SPS. In some examples, the
decoding may be performed by entropy decoding processing
unit 80.

According to another example, no explicit signaling of
target output layers is provided for the default output layer
sets in accordance with the techniques of this disclosure.
Video decoder 30 may decode the default output layer sets.
In some examples, the decoding may be performed by
entropy decoding processing unit 80.

According to another example, signaling of the maximum
number of temporal sub-layers that may be present (sps_
max_sub_layers_minusl) and whether inter prediction is
additionally  restricted  (sps_temporal_id_nesting_flag)
occurs in an SPS only when nuh_layer_id_is equal to O.
Video decoder 30 may decode video data without coding, in
SPSs with layer ID greater than 0, the maximum number of
temporal sub-layers that may be present in each CVS
referring to the SPS and whether inter prediction is addi-
tionally restricted for CVSs referring to the SPS. In some
examples, the decoding may be performed by entropy
decoding processing unit 80.

According to another example, syntax element output_
layer_set_idx[i] may be changed to output_layer_set_idx_
minus1[i] in accordance with the techniques of this disclo-
sure. Video decoder 30 may decode the syntax element
output_layer_set_idx_minus1[i] to indicate the index of the
layer set corresponding to the i-th output layer set specified
by the VPS.

In the examples below, bracketed labels (e.g., [START
EXAMPLE A] and [END EXAMPLE A]) will be used to
indicate text related to the example indicated. Changes may
be indicated with respect to a current version of the SHVC,
which as of Apr. 2, 2013 is downloadable from: http://
phenix.int-evry.fr/jct/doc_end_user/documents/12_Geneva/
wgll/JCTVC-L1008-vl.zip or MV-HEVC standard, which
as of Apr. 2, 2013 is downloadable from: http://phenix.it-
sudparis.ew/jct2/doc_end_user/documents/3_Geneva/wg
11/ICT3V-C1004-v4.zip

Several changes on signaling of profile, tier, and level
information for layer sets, signaling of output layer sets, and
signaling of layer dependency, are indicated by [START
EXAMPLE A] and [END EXAMPLE A] which will be used
in this submission to indicate example A included herein,
according to aspects of this disclosure.

Due to the fact that the syntax element vps_num_layer
sets_minus] is ue(v) coded (i.e., entropy encoded) and there
are also other ue(v) coded syntax elements before it, cur-
rently accessing of the profile, tier, and level for layer sets
needs entropy decoding. For this information to be acces-
sible without entropy decoding, a set of profile_tier_level( )
syntax structures may be signalled at a position that is
accessible without entropy decoding. The set of profile_tier_
level( ) syntax structures may then be referenced for linking
to output layer sets. Multiple output layer sets of the same
layer set may need different DPB sizes, and hence can
conform to different levels.

In some examples, the syntax element output_lay-
er_set_idx[i] may be changed to output_layer_set_idx_mi-
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nusl[i], as described below. When an SPS with nuh_lay-
er_id equal to O is referred by a layer with nuh_layer_id
greater than 0, the profile_tier_level( ) syntax structure in the
SPS is not applied for that layer. For the similar reason as
above, the signaling of layer dependency is moved up to be
accessible without entropy decoding. Changing of the syn-
tax element output_layer_set_idx[i] to output_lay-
er_set_idx_minusl[i] is due to the following reasons. The
syntax element layer_id included_flag|[ ][ ] used for output_
layer_set_idx[i] equal to O is for layer set 0, while for layer
set 0 layer_id_included_flag| |[ ] is not defined. It is clear
that the target output layer for layer set 0 is layer O (the base
layer).

Accordingly, as can be seen above, each layer needs to
refer to an SPS. Conventionally, any two layers that are of
different values of spatial resolutions, bit depths, or color
formats have to refer to two different SPSs as these repre-
sentation format parameters are signalled in the SPS. How-
ever, when these parameters for all SPSs except those with
nuh_layer_id equal to 0 are moved to the VPS, and when it
is specified that the representation format parameters in an
SPS with nuh_layer_id equal to O that is referred to by a
layer with nuh_layer_id greater than O are ignored, it is
possible for layers with different values of spatial resolu-
tions, bit depths, or color formats to refer to the same SPSs.
In other words, according to some embodiments of this
disclosure, layers with different values of spatial resolutions,
bit depths, or color formats can share the same SPSs, as long
as other SPS.

Some examples described herein may change the syntax
and semantics for output layer set signaling. In some cases,
this may solve one or more of the following issues, first
currently at most one output layer set can be signalled for
each layer set. In multiview scenarios, the case is often that
one layer set is associated with multiple sets of different
target output layers. Thus, the syntax element output_lay-
er_flag[lsIdx][j] may be changed to output_layer_flag[i][j],
and related semantics are changed accordingly. Accordingly,
more than one output layer set may be signalled for one layer
set. Second, currently, the syntax uses a loop of layer IDs
from O to the greatest possible layer ID in the VPS, which
is complicated. Rather, it would be much simpler just to use
of'a loop of the layers in the layer set, excluding the highest
layer in the layer set as that layer is surely a target output
layer.

Signaling of information on representation format (spatial
resolution, colour format, and bit depth in the VPS (exten-
sion) for session negotiation, for which the changes are
indicated using bracketed labels [START EXAMPLE B] and
[END EXAMPLE B] which will be used in this submission
to indicate example B. The representation format is signalled
for each layer, including the base layer, through an index to
a list of such information, and is not signalled in SPSs with
nuhlayer_id greater than 0, same as for the profile_tier_level
() syntax structure. Consequently, this also reduces redun-
dantly sending the same representation format information
in different SPSs with nuh_layer_id greater than 0. When an
SPS with nuh_layer_id equal to 0 is referred by a layer with
nuh_layer_id greater than O, the values of the syntax ele-
ments chroma_format_idc, separate_colour_plane_flag,
pic_width_in_luma_samples, pic_height_in_luma_samples,
bit_depth_luma_minus8, and bit_depth_chroma_minus8 are
not applied for that layer.

When efficient signaling of SPS parameters with indi-
vidual control of different categories, the parameters that
may be included in SPSs may be classified into the following
six categories: (1) Catl: profile-tier-level information,
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already addressed in Scalable HEVC Video Coding (SHVC)
WD1 and Multi-View HEVC (MV-HEVC) WD3 and above,
(2) Cat2: representation format information, addressed
above, (3) Cat3: sub-layer information (sps_max_sub_lay-
ers_minusl, sps_temporal_id_nesting_flag, sps_max_
dec_pic_buffering_minus1[i], sps_max_num_reorder_pics
[1], and sps_max_latency_increase_plus1[i]) (These changes
are indicated by bracketed labels [START EXAMPLE C]
and [END EXAMPLE C] which will be used in this sub-
mission to indicate example C, which is also referred to as
and Cat3), (4) Cat4: short-term_reference picture set (RPS)
candidates (the changes for this are indicated by bracketed
labels [START EXAMPLE D] and [END EXAMPLE D],
which will be used in this submission to indicate example D,
which is also referred to as Cat4, (5) Cat5: Video Usability
Information (VUI) parameters (the changes for this are
indicated by bracketed labels [START EXAMPLE E] and
[END EXAMPLE E], which will be used in this submission
to indicate example E, which is also referred to as Cat 5), and
(6) Cat6: other SPS parameters, the changes for this and the
common changes are indicated by bracketed labels [START
EXAMPLE F] and [END EXAMPLE F] will be used in this
submission to indicate example F, also referred to as Cat6.

For enhancement layers or layer sets involving enhance-
ment layers, information of categories 3 to 6 may be either
inherited from the active VPS or directly signalled in the
SPS, while information of categories 1 and 2 has to be
signalled in the VPS due to the importance for session
negotiation. In an SPS with nuh_layer_id greater than O, to
the minimum only three syntax elements to signal the VPS
1D, SPS ID and a flag (to indicate whether data of categories
3 to 6 (Cat3 to Cat6) are present in the SPS or inherited from
the active VPS) are present. Such a dummy SPS’s role is
only to pass the active VPS ID to the Picture Parameter Sets
(PPS) and then indirectly to the Video Coding Layer (VCL)
Network Abstraction Layer (NAL) units.

Changes below are based on MV-HEVC WD3 and SHVC
WD1 and are identified by different color codes, i.e., high-
lighted in different colors, as noted above, and removals are
shown between the bookending labels of <start_removal>
and <end_removal>. Parts that are not mentioned are the
same as in MV-HEVC WD3 and SHVC WD1.

Iustrated below in Table 3 is example syntax for a video
parameter set (VPS) for the raw byte sequence payload
(RBSP) syntax and semantics. This is the same as in SHVC
WD1 and MV-HEVC WD3. The syntax is copied below (in
Table 3) for convenience.

TABLE 3

Example syntax for VPS for RBSP syntax and semantic:

video_parameter_set_rbsp( ) { Descriptor
vps_video_parameter_set_id u4)
vps_reserved_three_2bits u(2)
vps_max_layers_minus1 u(6)
vps_max_sub_layers minusl u(3)
vps_temporal_id_nesting flag u(l)
vps_extension_offset //vps_reserved_Ox{fff 16bits u(16)
profile_tier_level( 1, vps_max_sub_layers_minusl )

vps_sub_layer ordering info_present_flag u(l)
for( i = ( vps_sub_layer_ordering info_present flag ? 0 :
vps_max_sub_layers_minusl );

i <= vps_max_sub_layers_minusl; i++ ) {
vps_max_dec_pic_buffering minusl[i ] ue(v)
vps_max_num_reorder_pics[ i ] ue(v)
vps_max_latency_increase_plus1[ i ] ue(v)

¥
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TABLE 3-continued TABLE 3-continued
Example syntax for VPS for RBSP syntax and semantics Example syntax for VPS for RBSP syntax and semantic:
video_parameter_set_rbsp( ) { Descriptor 5 video_parameter_set_rbsp( ) { Descriptor
vps_max_layer_id w6) cprms_present_flag[ i ] . u(l)
. hrd_parameters( cprms_present_flag[ i ],
vps_num_layer_sets_minusl ue(v) bl X 1
for(i=1;1i <= vps_num_layer_sets_minusl; i++ ) vps_max_sub_layers_minus1 )
for( j = 0; j <= vps_max_layer_id; j++ ) )
o lay.erfidfincludedfﬁag[ i10j] u(l) 10 vps_extension_flag u(l)
vps_timing_info_present_flag u(l) if( vps_extension_flag ) {
if( vps_timing_info_present_flag ) { vps_extension( )
vps_num_units_in_tick u(32) vps_extension2_flag u(1)
vps_time_scale u(32) if( vps_extension2_flag )
vps_poc_proportional _to_timing flag u(l) while( morefrbslpfdata( ))
if( vps_poc_proportional_to_timing flag ) 15 vps_extension_data_flag u(1)
vps_num_ticks_poc_diff one _minusl ue(v) b iling bi
vps_num_hrd_parameters ue(v) tbsp_trailing_bits( )
for( i =0; i< vps_num_hrd_parameters; i++ ) {
hrd_layer_set_idx[ i ] ue(v)
if(i>0) Table 4 illustrates an example of video parameter set

extension and semantics.

TABLE 4

Video parameter set extension syntax and semantic

vps_extension( ) { Descriptor

while( !byte_aligned( ) )

vps_extension_byte_alignment_reserved_one_bit u(l)
avc_base_layer_flag u(l)
splitting_flag u(l)
for( i = 0, NumScalabilityTypes = 0; i < 16; i++ ) {

scalability_mask[ i ] u(l)

NumScalabilityTypes += scalability _mask[ i ]

for( j = 0; j <NumScalabilityTypes; j++ )

dimension_id_len_minus1[ j ] u@3)
vps_nuh_layer_id_present_flag u(l)
for( i = 1; i <= vps_max_layers_minusl; i++ ) {

if( vps_nuh_layer id_present flag )

layer_id_in nuh[ i ] u(6)
for( j = 0; j < NumScalabilityTypes; j++ )
dimension_id[ i ][] ] u(v)
[START EXAMPLE A] vps_num_profile_tier_level _minusl u(6)
for( i =1; i <= vps_num_profile_tier_level minusl; i++ ) {
vps_profile_present flag[ i ] u(l)
if( tvps_profile_present flag[ i ] )
profile_ref minusl[i ] u(6)

profile_tier_level( vps_profile_present_flag[ i ],
vps_max_sub_layers _minusl )

for(i=1;1i <= vps_max_layers_minusl; i++ )
for(j=0;j <i;j++)

direct_dependency_flag[ i ][] ] u(l) [END
EXAMPLE
Al
[START EXAMPLE B] vps_num_rep_fromats u4)

for( i =0;1i<vps_num_rep_fromats; i++ )
rep_format( )

for(i=1;1i <= vps_max_layers_minusl; i++ )
if( vps_num_rep_fromats > 1)

vps_rep_format_idx[ i ] u(4) [END
EXAMPLE
B]
[START EXAMPLE C] for( i =1;i<=vps_max_layers_minusl;
i++ )
max_sub_layers_vps_predict_flag[ i ] u(l)
if( tmax_sub_layers_vps_predict flag[ i ])

max_sub_layers_vps_minusl[ i ] u@3)
} // fixed-length-coded info until above [END EXAMPLE C]
[START EXAMPLE A] multiple_output_layer_sets_in_layer set_  u(l)
flag
if( !multiple_output_layer_sets in_layer set_flag )
numOutputLayerSets = vps_num_layer_sets_minusl + 1
else {
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Video parameter set extension syntax and semantics

vps_extension( ) {

Descriptor

num_output_layer_sets_minusl

ue(v)

numOutputLayerSets = num_output_layer_sets_minusl + 1

for( i = 1; i < numOutputLayerSets; i++ ) {
if( i > vps_num_layer_sets minusl ) {
output_layer_set_idx_minus1[ i ]
IsIdx = output_layer_set_idx_minusl[i] + 1

for( j =0 ; j < NumLayersInldList[ IsIdx ] - 1; j++)

output_layer_flag[ i ][ j ]

profile_level_tier idx[ i ]

)

u(v)

u(l)

u(v)

<start_removal>for(lsIdx = 1; lsIdx <= vps_num_layer_sets_minusl;

IsIdx ++ ) {
vps_profile_present_flag[lsIdx]
if( 'vps_profile_present_flag[ IsIdx ] )
profile_layer set_ref minus1[ IsIdx ]
profile_tier_level( vps_profile_present_flag[ 1sIdx ],
vps_max_sub_layers_minusl)

numfoutputflayerﬁsets
for( i = 0; i < num_output_layer_sets; i++ ) {
output_layer_set_idx[ i ]
IsIdx = output_layer_set idx[ i ]
for(j = 0; j <= vps_max_layer_id; j++)
if( layer_id_included_flag[ IsIdx 1[j 1)
output_layer_flag[ IsIdx ][] ]

for (1 =1; 1 <= vps_max_layers_minusl; i++ )
for(j=0;k <i; j++)
direct_dependency_flag[ i ][] ]

[START EXAMPLE F] vps_num_other_sps_params
for( i =0; i< vps_num_other_sps_params; i++)
other_sps_parameters( ) [END EXAMPLE F]
[START EXAMPLE D] vps_num_st_rps_candidates
for(i=0;i<vps_num_st rps_candidates; i++ )

u(l)

ue(v)

ue(v)

ue(v)

u(l)

u(1)
<end_removal>
[END
EXAMPLE A]
ue(v)

ue(v)

short_term_rps_candidates( (i==0)? 0 : 1 )[END EXAMPLE

D

[S]TART EXAMPLE E] vps_num_vui_params

for( i =0; i< vps_num_vui_params; i++ )
vui_parameters( 0 ) [END EXAMPLE E]

[START EXAMPLE F]

i++ )

if( vps_num_other_sps_params > 1)
vps_other_sps_params_idx[ i ]

[START EXAMPLE D]
vps_st_rps_idx[ i ]

[START EXAMPLE E]
vps_vui_params_idx[ i ]
} [END EXAMPLE E]
[START EXAMPLE C]
i++
A
sub_layer_vps_buf info_predict_flag[ i ]
if( tsub_layer_vps_buff_info_predict_flag[ i ]) {
sub_layer_vps_buf_info_present flag[ i ]

if( vps_num_vui_params > 1)

ue(v)

for( i=1;i <= vps_max_layers _minusl;

u(v) [END
EXAMPLE
F]

if( vps_num_st_rps_candidates > 1)

u(v) [END
EXAMPLE
D]

u(v)

for( i =1; i < numOutputLayerSets;

u(l)
u(l)

for( j = (sub_layer_vps_buf info_present_flag[ i]? 0 :

MaxSubLayers[i]-1);
j <= MaxSubLayers[ i ] - 1; j++
)
max_vps_dec_pic_buffering minus1[i ][] ]

¥
)
for( i = 1; i <= vps_max_layers_minusl; i++ ) {

if( max_sub_layers_vps_predict_flag[ i ] )

sub_layer_vps_ordering_info_predict_flag[ i ]
if( !sub_layer_ordering_info_predict_flag[ i ]) {

ue(v)

u(l)
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TABLE 4-continued

34

Video parameter set extension syntax and semantics

vps_extension( ) { Descriptor
sub_layer_vps_ordering_info_present flag[ i ] u(l)
for( j = ( sub_layer_vps_ordering_info_present flag[ i]? 0 :
max_sub_layers_vps_minusl[ i]); ]
<= max_sub_layers_vps_minusl[ i ]; j++ )
max_vps_num_reorder_pics[ i ][] ] ue(v)
max_vps_latency_increase_plusl[ i ][ ] ue(v)
} [END EXAMPLE C]
¥
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The parameter vps_num_profile_tier_level_minuslplusl
specifies the number of profile_tier_level( ) syntax structures
in the VPS. The vps_profile_present_flag[i] equal to 1
specifies that the profile and tier information is present in the
i-th profile_tier_level( ) syntax structure. vps_profile_pre-
sent_flag[lsIdx] equal to O specifies that profile and tier
information is not present in the i-th profile_tier_level( )
syntax structure and may be inferred for the i-th profile_
tier_level( ) syntax structure.

The parameter profile_ref minusl[i] specifies that the
profile and tier information for the i-th profile_tier_level( )
syntax structure may be inferred to be equal to the profile
and tier information for the (profile_ref minusl[i]+1)-th
profile_tier_level( ) syntax structure. The value of profil-
e_ref minus1[i]+] may be less than i.

The parameter direct_dependency_flag[i][j] equal to O
specifies that the layer with index j is not a direct reference
layer for the layer with index i. direct_dependency_flag|[i][j]
equal to 1 specifies that the layer with index j may be a direct
reference layer for the layer with index i. When direct_de-
pendency_flag[i][j] is not present for i and j in the range of
0 to vps_max_layers_minus], it may be inferred to be equal
to 0.

The variables NumDirectReflLayers[i] and Reflayerld[i]
[j] may be derived as follows:

for(i=1;i <= vps_max_layers_ minusl; i++ )
for( j = 0, NumDirectRefLayers[ i ] = 0; j <1 j++ )
if( direct__dependency_flag[i][j]==1)

RefLayerld[ i ][ NumDirectRefLayers[ i [++ ] =
layer_id_in_nuh[j ] [END EXAMPLE A]

[START EXAMPLE B] The parameter vps_num_rep_
formats specifies the number of the following rep_format( )
syntax structures in the VPS. The vpsrep_format_idx[i]
specifies the index, into the set of rep_format( ) syntax
structures in the VPS, of the rep_format( ) syntax structure
that applies to the layer with nuh_layer_id equal to layer_id
in_nuh[i]. When i is equal to 0 or vps_num_rep_formats is
equal to 1, the value of vps_rep_format_idx[i] may be
inferred to be equal to 0. The value of vps_rep_format_idx|i]
may be in the range of 0 to vps_num_rep_formats—1,
inclusive. [END EXAMPLE B]

[START EXAMPLE C] max_sub_layers_vps_predict_
flag[i] equal to 1 specifies that max_sub_layers_vps_minus1
[i] may be inferred to be equal to max_sub_layers_vps_mi-
nusl[i-1] and that sub_layer_vps_ordering_predict_flag][i]
is present. max_sub_layers_vps_predict_flag[i] equal to O
specifies that max_sub_layers_vps_minus1[i] is explicitly
signalled. The value of max_sub_layers_vps_predict_flag
[0] may be inferred to be equal to 0.
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The parameter max_sub_layers_vps_minus1[i] is used for
the inference of the SPS syntax element sps_max_sub_lay-
ers_minusl. When max_sub_layers_vps_predict_flag[i] is
equal to 1, max_sub_layers_vps_minus1[i] may be inferred
to be equal to max_sub_layers_vps_minus1[i-1]. The value
of max_sub_layers_vps_minus1[i] may be inferred to be
equal to vps_max_sub_layers_minusl. [END EXAMPLE
C][START EXAMPLE A] multiple_output layer_sets_in
layer set flag equal to 1 specifies that more than one output
layer set may be specified by the VPS for each layer set.
multiple_output layer_sets_in layer set flag equal to O speci-
fies that only one output layer set is specified by the VPS for
each layer set, with the highest layer being the only target
output layer. Accordingly, because multiple_output layer_
sets_in layer_set_flag equal to O specifies that only one
output layer set is specified by the VPS for each layer set,
with the highest layer being the only target output layer, no
explicit signaling of target output layers for the default
output layer sets is needed. For example, there is not need to
signal which layers are to be output because there is only one
output layer set for each layer set.

The parameter num_output_layer_sets_minuslplusl
specifies the number of output layer sets specified by the
VPS. The value of num_output_layer_sets_minus] may be
in the range of 0 to 1023, inclusive. [END EXAMPLE A]

Alternatively, instead of num_output layer_sets_minusl,
num_addn_output_layer_sets which indicates the number of
output layer sets in addition to the vps_num_layers_sets_
minusl+1 may be signalled.

[START EXAMPLE A] The parameter output_lay-
er_set_idx_minus1[i] plusl specifies the index of the layer
set for the i-th output layer set. The value of output_lay-
er_set_idx_minus1[i] may be in the range of 0 to vps_num_
layer_sets_minus1-1, inclusive. The length of the output_
layer_set_idx_minusl1[i] syntax element is Ceil(Log
2(vps_num_layer_sets_minus1)) bits

output_layer_flag[i][j] equal to 1 specifies that the j-th
layer in the layer set is a target output layer of the i-th output
layer set. output_layer_flag[i][j] equal to O specifies that the
j-th layer in the layer set is not a target output layer of the
i-th output layer set.

The value of output_layer_flag[i][NumLayersInldList[1-
sldx]-1] may be inferred to be equal to 1, where Isldx is
equal to  output_layer_set_idx_minusl[i]+1. [END
EXAMPLE A]

Alternatively, the value of output_layer_flag[i][NumLay-
ersInldList[1sIdx]-1] may be inferred to be equal to 1, where
IsIdx is equal to output_layer_set_idx_minusl[i]+] and i is
in the range of 0 to vps_num_layer sets_minusl, inclusive
and the value of output_layer_flag[i][j] may be inferred to be
equal to O for i in the range of 0 to vps_num_layer sets_mi-
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nusl, inclusive, and j in the range of 0 to NumLayerIdInList
[IsIdx]-2, inclusive and lsldx is equal to output lay-
er_set_idx_minus]1[i]+1.

[START EXAMPLE A] The parameter profile_level_t-
ier_idx[i] specifies the index, into the set of profile_tier_
level( ) syntax structures in the VPS, of the profile_tier_level
() syntax structure that applies to i-th output layer set. The
length of the profile_level_tier_idx[i] syntax element may be
Ceil(Log 2(vps_num_profile_tier_level_minusl+1)) bits.
The value of profile_level_tier_idx[0] may be inferred to be
equal to 0. The value of profile_level_tier_idx[i] may be in
the range of 0 to vps_num_profile_tier_level_minusl, inclu-
sive. [END EXAMPLE A]

[START EXAMPLE F] The parameter vps_num_other_
sps_params specifies the number of the following other_
sps_parameters( ) syntax structures in the VPS. The value of
vps_num_other_sps_params may be in the range of O to 15,
inclusive. [END EXAMPLE F]

[START EXAMPLE D] The parameter vps_num_st_rp-
s_candidates specifies the number of the following short_
term_rps_candidates( ) syntax structures in the VPS. The
value of vps_num_st_rps_candidates may be in the range of
0 to 15, inclusive. [END EXAMPLE D]

[START EXAMPLE E] The parameter vps_num_vui_
params specifies the number of the following vui_param-
eters( ) syntax structures in the VPS. The value of vps_num_
vui_params may be in the range of 0 to 15, inclusive. [END
EXAMPLE E]

[START EXAMPLE F] wvps_other_sps_params_idx[i]
specifies the index, into the set of other_sps_parameters( )
syntax structures in the VPS, of the other_sps_parameters( )
syntax structure that applies to the layer with nuh_layer_id
equal to layer_id in_nuhl[i]. The length of the vps_other_
sps_params_idx[i] syntax element may be Ceil(Log
2(vps_num_other_sps_params)) bits. When vps_num_oth-
er_sps_params is equal to 1, the value of vps_other_
sps_params_idx[i] may be inferred to be equal to 0. The
value of vps_other_sps_params_idx[i] may be in the range
of 0 to vps_num_other_sps_params-1, inclusive. [END
EXAMPLE F]

[START EXAMPLE D] The parameter vps_st_rps_idx[i]
specifies the index, into the set of short_term_rps_candi-
dates( ) syntax structures in the VPS, of the short_term
rps_candidates( ) syntax structure that applies to the layer
with nuh_layer_id equal to layer_id in_nuh[i]. The length of
the vps_st_rps_idx[i] syntax element may be Ceil(Log
2(vps_num_st_rps_candidates)) bits. When vps_num_st_rp-
s_candidates is equal to 1, the value of vps_st_rps_idx[i]
may be inferred to be equal to 0. The value of vps_st_rp-
s_idx[i] may be in the range of 0 to vps_num_st_rps_can-
didates—1, inclusive. [END EXAMPLE D]

[START EXAMPLE E]| The parameter vps_vui_param-
s_idx[i] specifies the index, into the set of vui_param-
eters( ) syntax structures in the VPS, of the vui_param-
eters( ) syntax structure that applies to the layer with
nuh_layer_id equal to layer_id_in_nuh[i]. The length of the
vps_vui_params_idx[i] syntax element may be Ceil(Log
2(vps_num_vui_params)) bits. When vps_num_vui_params
is equal to 1, the value of vps_vui_params_idx[i] may be
inferred to be equal to 0. The value of vps_vui_params_idx
[i] may be in the range of 0 to vps_num_vui_params-1,
inclusive. [END EXAMPLE E]

[START EXAMPLE C] The variable MaxSublLayers
[setld] for setld in the range of 0 to num_output_layer_sets—
1, inclusive, is derived as follows:
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for( setld = 0; setld < num__output_layer_ sets; setld++ ) {
IsIdx = outptut_layer set idx_minusl[ setld ] + 1 // Layer set
index
highestLayerld =

LayerSetLayerIdList[ IsIdx ][ NumLayersInIdList[ IsIdx ] — 1 ]
MaxSubLayers[ setld | = ( max_sub_ layers_ vps__minusl|[
highestLayerIld 1 + 1)

¥

The parameter max_sub_layers_vps_predict_flag[i] equal
to 1 specifies that max_sub_layers_vps_minusl[i] may be
inferred to be equal to max_sub_layers_vps_minus1[i-1]
and that sub_layer_vps_ordering_predict_flag[i] is present.
max_sub_layers_vps_predict_flag[i] equal to O specifies that
max_sub_layers_vps_minus1[i] is explicitly signalled. The
value of max_sub_layers_vps_predict_flag[0] may be
inferred to be equal to 0.

The parameter sub_layer_vps_buf_info_predict_flag[i]
equal to 1 specifies that max_vps_dec_pic_buffering mi-
nusl[i][j] may be inferred to be equal to max_vps_
dec_pic_buffering_minus1[i-1][j] for each value of j. sub_
layer_vps_buf_info_predict_flag[i] equal to O specifies that
max_vps_dec_pic_buffering_minus1[i][j] for at least one
value of j is explicitly signalled.

The parameter sub_layer_vps_buf_info_present_flag[i]
equal to 1 specifies that max_vps_dec_pic_buffering mi-
nus1[i][j] are present for MaxSublLayers|i] sub-layers. sub_
layer_vps_buf_info_present_flag[i] equal to O specifies that
the values of max_vps_dec_pic_buffering minus1[i][Max-
SubLayers[i]-1] apply to all sub-layers.

The parameter max_vps_dec_pic_buffering_minus1[i][j]
are used for inference of the values of the SPS syntax
elements sps_max_dec_pic_buffering_minus1[j]. When
max_vps_dec_pic_buffering_minus1[i][j] is not present for
i in the range of 0 to MaxSubLayers[i]-2, inclusive, due to
sub_layer_vps_buf_info_present_flag[i]being equal to O, it
may be inferred to be equal to max_vps_dec_pic_buffering
minusl1[i][MaxSubLayers[i]-1].

The value of max_vps_dec_pic_buffering minus1[0][j]
for each value of j may be inferred to be equal to vps_max_
dec_pic_buffering_minus1[j].

The parameter sub_layer_vps_ordering_info_predict_
flag[i] equal to 1 specifies that the syntax elements sub_lay-
er_vps_ordering_info_present_flag[i], max_vps_num_reor-
der_pics[i][j], and max_vps_latency_increase_plusl[i][j]
are inferred to be equal to sub_layer_vps_ordering_info_
present_flag[i-1], max_vps_num_reorder_pics[i-1][j], and
max_vps_latency_increase_plus1[i-1][j], respectively. sub_
layer_vps_ordering_info_predict_flag|i] equal to 0 indicates
that the syntax elements sub_layer_vps_ordering_info_pre-
sent_flag[i], max_vps_num_reorder_pics[i][j], and
max_vps_latency_increase_plusl[i][j] are explicitly sig-
nalled. When not present, the value of sub_layer_vps_or-
dering_info_predict_flag[i] is set equal to O.

The parameter sub_layer_vps_ordering_info_present_
flag[i] equal to 1 specifies that max_vps_num_reorder_pics
[1][j] and max_vps_latency_increase_plus1[i][j] are present
for max_sub_layers_vps_minusl+1 sub-layers. sub_lay-
er_vps_ordering_info_present_flag[i] equal to O specifies
that the values of max_vps_num_reorder_pics[i][vps_max_
sub_layers_minusl| and max_vps_latency_increase_plus
1[i][max_sub_layers_vps_minusl] apply to all sub-layers.

The parameter max_vps_num_reorder_pics[i][j] is used
for inference of the values of the SPS syntax element
sps_max_num_reorder_pics[j]. When max_vps_num_reor-
der_pics[i][j] is not present for i in the range of 0 to
max_sub_layers_vps_minus1[i]-1, inclusive, due to sub_
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layer_vps_ordering_info_present_flag[i] being equal to 0, it
may be inferred to be equal to max_vps_num_reorder_pics
[1][max_sub_layers_vps_minus1[i]].

The parameter max_vps_latency_increase_plus1[i][j] is
used for inference of the values of the SPS syntax elements
sps_max_latency_increase_plusl[j]. When max_vps_laten-
cy_increase_plus1[i][j] is not present for i in the range of 0
to max_sub_layers_vps_minusl1[i]-1, inclusive, due to sub_
layer_vps_ordering_info_present_flag[i] being equal to 0, it
may be inferred to be equal to max_vps_latency_increase_
plusl[i][max_sub_layers_vps_minus1[i]]. [END
EXAMPLE C]

[START EXAMPLE B]

Table 5 illustrates an example of a representative format

and semantics.
TABLE 5
Representation format syntax and semantic

rep_format( ) { Descriptor
chroma_format vps_ide u(2)
if( chroma_format vps_ide ==3)

separate_colour_plane_vps_flag u(l)
pic_width_vps_in_luma_samples u(16)
pic_height vps_in_luma_samples u(16)
bit_depth_vps_luma_minus8 u(3)
bit_depth_vps_chroma_minus8 u(3)

The parameter chroma_format_vps_idc, separate_co-
lour_ plane_vps_flag, pic_width_vps_inluma_samples,
pic_height_vps_in_luma_samples,  bit_depth_vps_luma_
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minus8, and bit_depth_vps_chroma_minus8 may be used
for inference of the values of the SPS syntax elements
chroma_format_idc, separate_colour_plane_flag,
pic_width_in_luma_samples, pic_height in_luma_samples,
bit_depth_luma_minus8, and bit_depth_chroma_minus8,
respectively, for each SPS that refers to the VPS. For each
of these syntax elements, all constraints, if any, that apply to
the value of the corresponding SPS syntax element also
apply. [END EXAMPLE B] Representation format infor-
mation may generally include bit depth, chroma sampling
format, resolution of the sequences, for example. As illus-
trated in the example of Table 5, the representation format
may include chroma_format_vps_idc, separate_colour_pla-
ne_vps_flag, pic_width_vps_inluma_samples, pic_height_
vps_in_luma_samples, bit_depth_vps_luma_minus8, and
bit_depth_vps_chroma_minus8. Furthermore, as illustrated
in Table 5, signaling of representation format in the VPS
may be performed such that the representation format, e.g.,
chroma_format_vps_idc, separate_colour_plane_vps_flag,
pic_width_vps_in_luma_samples, pic_height_vps_inlu-
ma_samples, bit_depth_vps_luma_minus8, and bit_
depth_vps_chroma_minus8, is accessible without entropy
decoding. In other words, as illustrated in Table 5, chroma_
format_vps_ide, separate_colour_plane_vps_{flag,
pic_width_vps_inluma_samples, pic_height_vps_in_lu-
ma_samples, bit_depth_vps_luma_minus8, and bit_
depth_vps_chroma_minus8 are not entropy coded, i.e., the
descriptors are not ue(v). In some examples, each layer may
be associated with a particular representation format.

[START EXAMPLE F] Table 6 illustrates an example of
other SPS parameters syntax and semantics.

TABLE 6

Other SPS parameters syntax and semantic

other_sps_parameters( ) { Descriptor
conformance_window_vps_flag u(l)
if( conformance_window_vps_flag ) {
conf win_vps_left_offset ue(v)
conf win_vps_right offset ue(v)
conf win_vps_top_offset ue(v)
conf win_vps_bottom_offset ue(v)
¥
log2_vps_max_pic_order_cnt_lsb_minus4 ue(v)
log2_vps_min_luma_coding block_size minus3 ue(v)
log2_vps_diff max_min_luma coding_block_size ue(v)
log2_vps_min_transform_block_size_minus2 ue(v)
log2_vps_diff max_min_transform_block_size ue(v)
max_vps_transform_hierarchy_depth_inter ue(v)
max_vps_transform_hierarchy_depth_intra ue(v)
scaling_list_enabled_vps_flag u(l)
if( scaling_list_enabled_vps_flag )
sps_scaling_list_data_present_vps_flag u(l)
if( sps_scaling_list_data_present_vps_flag )
scaling list data( )
amp_enabled_vps_flag u(l)
sample_adaptive_offset_enabled_vps_flag u(l)
pem_enabled_vps_flag u(l)
if( pcm_enabled_vps_flag ) {
pem_vps_sample_bit_depth_luma_minusl u(4)
pem_vps_sample_bit depth chroma_minusl u(4)
log2_vps_min_pem_luma_coding block_size_minus3 ue(v)
log2_vps_diff_ max_min_pem_luma_coding_block_size ue(v)
pem_vps_loop_filter_disabled_flag u(l)
}
long_term_ref pics_present_vps_flag u(l)
if( long_term_ref pics_present_vps_flag ) {
num_long_term_ref pics_vps ue(v)
for(i=0;i<num_long term_ref pics_vps; i++ ) {
It_ref pic_poc_lsb_vps[i] u(v)
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TABLE 6-continued

40

Other SPS parameters syntax and semantic

other_sps_parameters( ) { Descriptor
used_by_curr_pic_lt vps_flag[ i ] u(l)
¥
¥
temporal_mvp_enabled_vps_flag u(l)

strong_intra_smoothing enabled_vps_flag

u(l)

For each of the syntax elements below, all constraints, if
any, that apply to the value of the corresponding SPS syntax
element also apply: conformance_window_vps_flag, conf
win_vps_left_offset, conf_win_vps_right_offset, conf_win_
vps_top_offset, conf_win_vps_bottom_offset, log 2_vps_
max_pic_order_cnt_lsb_minus4, log 2_vps_min_luma_
coding_block_size_minus3, log 2_vps_diff max_min_lu-
ma_coding_block_size, log 2_vps_min_transform_block_
size_minus2, log 2_vps_diff max_min_transform_block_
size, max_vps_transform_hierarchy_depth_inter, max_vp-
s_transform_hierarchy_depth_intra, scaling_list_enabled_
vps_{flag, sps_scaling_list_data_present_vps_flag, amp_en-
abled_vps_flag, sample_adaptive_offset_enabled_vps_flag,
pem_enabled_vps_flag, pcm_vps_sample_bit_depth luma_
minusl, pcm_vps_sample_bit_depth_chroma_minusl, log
2_vps_min_pcm_luma_coding_block_size_minus3, log
2_vps_diff_max_min_pcm_luma_coding_block_size, pcm_
vps_loop_filter_disabled_flag, long_term_ref_pics_
present_vps_flag, num_long term_ref pics_vps, lt_ref
pic_poc_lsb_vps[i], used_by_curr_pic_lt_vps_{flag[i], tem-
poral_mvp_enabled_vps_flag, and strong_intra_smoothin-
g_enabled_vps_flag may be used for inference of the values
of the SPS syntax elements conformance window_flag,
conf_win_left_offset, conf win_right_offset, conf win_
top_offset, conf_win_bottom_offset, log 2_max_pic_order_
cnt_lsb_minus4, log 2_min_luma_coding_block_size_ mi-
nus3, log 2_diff max_min_luma_coding_block_size, log
2_min_transform_block_size_minus2, log 2_diff max_
min_transform_block_size, max_transform_hierar-
chy_depth_inter, = max_transform_hierarchy_depth_intra,
scaling_list_enabled_flag, sps_scaling list_data_present_
flag, amp_enabled_flag, sample_adaptive_offset_enabled_
flag, pcm_enabled_flag, pcm_sample_bit_depth luma_mi-
nusl, pcm_sample_bit_depth_chroma_minusl, log 2 min_
pem_luma_coding_block_size_minus3, log 2_diff max_
min_pcm_luma_coding_block_size, pcm_loop_filter_dis-
abled_flag, long term_ref pics_present_flag, num_long_
term_ref_pics_sps, It_ref_pic_poc_Isb_sps|i], used_by_cur-
r_pic_lt_flag[i], sps_temporal_mvp_enabled_flag, and
strong_intra_smoothing_enabled_flag, respectively. [END
EXAMPLE F]

[START EXAMPLE D] Table 7 illustrates an example of
short-term RPS candidates syntax and semantics.

TABLE 7

Short-term RPS candidates syntax and semantics

short_term_rps_candidates( inferenceEnabledFlag ) { Descriptor
num_short_term_ref pic_sets ue(v)
if( inferenceEnabledFlag )
pred_st_rps_cand_idx_plusl u(v)

for( i =0; i< num_short term_ref pic_sets; i++) {
if{ pred_st_rps_cand_idx_plusl > 0)
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TABLE 7-continued

Short-term RPS candidates syntax and semantics
short_term_rps_candidates( inferenceEnabledFlag ) { Descriptor
pred_from_rps_cand_list flag[ i ] u(l)
if( tpred_from_rps_cand_list flag[i])
short_term_ref pic_set( i)
else
idx_in_rps_cand[ i ] ue(v)
¥
¥

The parameter num_short_term_ref_pic_sets specifies the
number of the following short_term_ref pic_set( ) syntax
structures. The value of num_short_term_ref pic_sets may
be in the range of 0 to 64, inclusive.

NOTE 1—A decoder should allocate memory for a total
number of num_short_term_ref pic_sets+1 short_term_ref
pic_set( ) syntax structures since there may be a short_ter-
m_ref_pic_set( ) syntax structure directly signalled in the
slice headers of a current picture. A short_term_ref pic_
set( ) syntax structure directly signalled in the slice headers
of a current picture has an index equal to num_short_term_
ref_pic_sets.

The parameter pred_st_rps_cand_idx_plusl minusl
specifies the index, into the set of short_term_rps_candi-
dates( ) syntax structures in the VPS, of the short_term_rp-
s_candidates( ) syntax structure that is used to infer at least
one short_term_ref pic_set( ) syntax structure of the current
short_term_rps_candidates( ) syntax structure. When not
present, pred_st_rps_cand_idx_plusl may be inferred to be
equal to 0. The value of pred_st_rps_cand_idx_plus1 may be
in the range of 1 to vps_num_st_rps_candidates-1, inclu-
sive.

Having the pred_from_rps_cand_list_flag[i] equal to 1
specifies the i-th short_term_ref pic_set( ) syntax structure
of the current short_term_rps_candidates( ) syntax structure
is not present and set to be one of the short_term_ref pic_
set( ) syntax structures present in another short_term_rp-
s_candidates( ) syntax structure. pred_from_rps_cand_list_
flag[i] equal to O specifies the i-th short_term_ref pic_set( )
syntax structure of the current short_term_rps_candidates( )
syntax structure is present. When not present, the value of
pred_from_rps_cand_list_flag[i] may be inferred to be equal
to 0. [END EXAMPLE D]

Alternatively, pred_from_rps_cand_list_flag[i] equal to 1
specifies that the variables DeltaPocS0, DeltaPocS1, Used-
ByCurrPicS1, UsedByCurrPicS0, NumPositivePics, Num-
NegativePics, and NumDeltaPocs corresponding to the i-th
short_ter_ref pic_set( ) are derived to be equal to the
variables DeltaPocS0, DeltaPocS1, UsedByCurrPicS1,
UsedByCurrPicSO, NumPositivePics, NumNegativePics,
and NumDeltaPocs, respectively, that correspond to another
short_term_rps_candidates( ) structure.
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[START EXAMPLE D] The parameter idx_in_rps_cand
[1] specifies the index, into the set of short_term_ref pic_
set( ) syntax structures of the (pred_st_rps_cand_idx_plusl-
1)-th short_term_rps_candidates( ) syntax structure in the
VPS, of the short_term_ref pic_set( ) syntax structure that
is identical to the i-th short_term_ref pic_set( ) syntax
structure of the current short_term_rps_candidates( ).

When pred_from_rps_cand_list_flag[i] is equal to 1, the
i-th short_term_ref_pic_set( ) syntax structure in the current
short_term_rps_candidates( ) syntax structure is set to be the
same as the idx_in rps_cand[i]-th short_term_ref pic_set( )
syntax structure of the (pred_st_rps_cand_idx_plusl-1)-th
short_term rps_candidates( ) syntax structure in the VPS.
[END EXAMPLE D]

10
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Alternatively, when pred_from_rps_cand_list_flag[i] is
equal to 1, the variables DeltaPocS0, DeltaPocS1, UsedBy-
CurrPicS1, UsedByCurrPicS0O, NumPositivePics, NumNe-
gativePics, and NumbDeltaPocs corresponding to the i-th
short_term_ref pic_set( ) syntax structure in the current
short_term_rps_candidates( ) syntax structure is set to be
equal to the variables DeltaPocS0, DeltaPocS1, UsedBy-
CurrPicS1, UsedByCurrPicS0O, NumPositivePics, NumNe-
gativePics, and NumbDeltaPocs, respectively, that corre-
spond to the idx_in_rps_cand[i]-th short_term_ref pic_
set( ) syntax structure of the (pred_st_rps_cand_idx_plusl-
1)-th short_term_rps_candidates( ) syntax structure in the
VPS. Table 8 illustrates an example of VUI parameters
syntax and semantics.

TABLE 8

VUI parameters syntax and semantics

vui_parameters( [START EXAMPLE E] timingParamsPresentFlag ) { Descriptor

[START EXAMPLE E] vui_parameters_present_flag u(l)
if( vui_parameters_present_flag ) { [END EXAMPLE E]
aspect_ratio_info_present_flag u(l)
if( aspect_ratio_info_present_flag ) {
aspect_ratio_ide u(®)
if( aspect_ratio_idc = = EXTENDED_SAR ) {
sar_width u(16)
sar_height u(16)
¥
overscan_info_present_flag u(l)
if( overscan_info_present_flag )
overscan_appropriate_flag u(l)
video_signal_type present_flag u(l)
if( video_signal_type_present_flag ) {
video_format u(3)
video_full_range flag u(l)
colour_description_present_flag u(l)
if( colour_description_present_flag ) {
colour_primaries u(®)
transfer_characteristics u(®)
matrix_coeffs u(®)
¥
}
chroma_loc_info_present_flag u(l)
if( chroma_loc_info_present_flag ) {
chroma_sample_loc_type_top_field ue(v)
chroma_sample_loc_type_bottom_field ue(v)
neutral_chroma_indication_flag u(l)
field_seq_flag u(l)
frame_field_info_present_flag u(l)
default_display_window_flag u(l)
if( default_display_window_flag ) {
def disp_win_left_offset ue(v)
def’ disp_win_right offset ue(v)
def_disp_win_top_offset ue(v)
def’ disp_win_bottom_offset ue(v)
[START EXAMPLE E] if( timingParamsPresentFlag ) { [END
EXAMPLE E]
vui_timing_info_present_flag u(l)
if( vui_timing_info_present_flag ) {
vui_num_units_in_tick u(32)
vui_time_scale u(32)
vui_poc_proportional_to_timing flag u(l)
if( vui_poc_proportional_to_timing flag )
vui_num_ticks poc_diff one_minus1 ue(v)
vui_hrd_parameters_present_flag u(l)

if( vui_hrd_parameters_present_flag )
hrd_parameters( 1,

sps_max_sub_layers_minusl )

)

[START EXAMPLE E]
bitstream_restriction_flag u(l)
if( bitstream_restriction_flag) {

} [END EXAMPLE E]

tiles_fixed_structure_flag u(l)
motion_vectors_over_pic_boundaries_flag u(l)
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TABLE 8-continued

44

VUI parameters syntax and semantic:

vui_parameters( [START EXAMPLE E] timingParamsPresentFlag ) {

Descriptor

restricted_ref pic_lists flag
min_spatial_segmentation_idc
max_bytes_per_pic_denom
max_bits_per_min_cu_denom
log2_max_mv_length_horizontal
log2_max_mv_length_vertical

y
[START EXAMPLE E]
¥

} [END EXAMPLE E]

u(l)

ue(v)
ue(v)
ue(v)
ue(v)
ue(v)

[START EXAMPLE E] When timingParamsPresentFlag
is equal to 0, the following applies: The values of vui_ti-
ming_info_present_flag, vui_num_units_in_tick, vui_tim-
e_scale, vui_poc_proportional_to_timing_flag, and wvui_
num_ticks_poc_diff_ one_minus] are inferred to be equal to
vps_timing_info_present_flag, vps_num_units_in_tick,
vps_time_scale, vps_poc_proportional_to_timing flag, and
vps_num_ticks_poc_diff_one_minusl, respectively. The
value of vui_hrd_parameters_present_flag may be inferred
to be equal to 0.

The parameter vui_parameters_present_flag equal to 1
specifies that there are more syntax elements in the vui_pa-
rameters( ) syntax structure. vui_parameters_present_flag
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equal to O specifies that there is no more syntax elements in
the vui_parameters( ) syntax structure . . . [END EXAMPLE
E]

In one example, as can be seen in Tables 8, visual signal
information (e.g., video_format, video_full_range_flag,
colour_primaries, transfer_characteristics, matrix_coeffs) is
a subset of the VUI parameters. Further, as illustrated in the
example of Table 4 the VUI, and hence the visual signal
information, is in the VPS. By combining the information
from Table 4 and Table 8 it is shown that the visual signal
information is signalled per layer in the VPS.

Table 9 illustrates an example sequence parameter set
RBSP syntax and

TABLE 9

Sequence parameter set RBSP syntax and semantics

seq_parameter_set_rbsp( ) {

Descriptor

sps_video_parameter_set_id
[START EXAMPLE F]
inherit_sps_params_from_vps_flag

u(4)
if( nuh_layer_id > 0 )
u(l)

if( !inherit_sps_params_from_vps_flag ) { [END EXAMPLE F]

sps_max_sub_layers_minusl
sps_temporal_id_nesting flag
[START EXAMPLE F]

u(3)
u(l)
} [END EXAMPLE F]

if( nuh_layer id==10)
profile_tier_level( 1, sps_max_sub_layers_minusl )

sps_seq_parameter_set_id
[START EXAMPLE B]

EXAMPLE B]

chroma_format_idc

ue(v)
if( nuh_layer_id == 0) { [END

ue(v)

if( chroma_format idc == 3)

separate_colour_plane_flag
pic_width_in_luma samples
pic_height in_luma samples

[START EXAMPLE B]

[START EXAMPLE F]

u(l)
ue(v)
ue(v)
} [END EXAMPLE B]

if( !inherit_sps_params_from_vps_flag ) {

[END EXAMPLE F]

conformance_window_flag

u(l)

if( conformance_window_flag ) {

[START EXAMPLE F]
[START EXAMPLE B]

B]

bit_depth_luma_minus8

bit_depth_chroma_minus8
[START EXAMPLE B]
[START EXAMPLE F]

conf win_left_offset
conf win_right_offset
conf win_top_offset
conf win_bottom_offset

ue(v)
ue(v)
ue(v)
ue(v)

} [END EXAMPLE F]
if( nuh_layer_id = = 0) { [END EXAMPLE

ue(v)
ue(v)
} [END EXAMPLE B]

if( !inherit_sps_params_from_vps_flag ) {

[END EXAMPLE F]

log2_max_pic_order_cnt_lsb_minus4
sps_sub_layer_ordering_info_present_flag

ue(v)

u(l)

for( i = ( sps_sub_layer_ordering info_present_flag ? 0 :
sps_max_sub_layers_minusl );

sps_max_dec_pic_buffering minus1[ i ]

i <= sps_max_sub_layers_minusl; i++ ) {
ue(v)
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TABLE 9-continued

46

Sequence parameter set RBSP syntax and semantic;

seq_parameter_set_rbsp( ) {

Descriptor

sps_max_num_reorder_pics[ i ]
sps_max_latency_increase_plusl[ i ]

log2_min_luma_coding_block_size_minus3
log2_diff max_min_luma_coding_block_size
log2_min_transform_block_size_minus2
log2_diff max_min_transform_block_size
max_transform_hierarchy_depth_inter
max_transform_hierarchy_depth_intra
scaling_list_enabled_flag
if( scaling_list_enabled_flag ) {
sps_scaling_list_data_present_flag
if( sps_scaling list_data_present_flag )
scaling list_data( )

amp_enabled_flag

sample_adaptive_offset_enabled_flag

pem_enabled_flag

if{ pem_enabled_flag ) {
pem_sample_bit_depth_luma_minus1
pem_sample_bit_depth_chroma_minusl
log2_min_pem_luma_coding block_size minus3
log2_diff max_min_pem_luma_coding_block_size
pem_loop_filter_disabled_flag

)
[START EXAMPLE D] short_term_rps_candidates( 0 )
<start_removal> num_short_term_ref pic_sets
for( i =0; i< num_short term_ref pic_sets; i++)
short_term_ref pic_set( i ) <end_removal>
[END EXAMPLE D]
long term_ref pics_present_flag
if( long_term_ref pics_present_flag ) {
num_long_term_ref pics_sps
for(i=0;i<num_long term_ref pics sps; i++ ) {
It_ref pic_poc_lsb_sps[ i ]
used_by_curr_pic_lt_sps_flag[ i ]

}

sps_temporal_mvp_enabled_flag
strong_intra_smoothing_enabled_flag
[START EXAMPLE E]<start_removal> vui_parameters_present flag
if( vui_parameters_present_flag ) <end_removal>
[END EXAMPLE E]
vui_parameters( [START EXAMPLE E] nuh_layer id = =
0 [END EXAMPLE E] )
[START EXAMPLE F]
sps_extension_flag
if( sps_extension_flag ) {
sps_extension( )
sps_extension2_flag
if( sps_extension2_flag )
while( more_rbsp_data( ) )
sps_extension_data_flag

} [END EXAMPLE F]

rbsp_trailing_bits( )

ue(v)
ue(v)

ue(v)
ue(v)
ue(v)
ue(v)
ue(v)
ue(v)

u(l)
u(l)

u(l)
u(l)
u(l)

u(4)
u(4)
ue(v)
ue(v)

u(l)

ue(v)

u(l)

ue(v)

u(v)
u(l)

u(l)
u(l)
u(l)

u(l)

u(l)

u(l)

[START EXAMPLE B]

When nuh_layer_id of the SPS is equal to 0, the values of
chroma_format_idc, separate_colour_plane_flag, pic_width
in_luma_samples, pic_height_in_luma_samples, bit_depth_
luma_minus8, and bit_depth_chroma_minus8 may be equal
to chroma_format_vps_idc, separate_colour_plane_vps_
flag, pic_width_vps_in_luma_samples, pic_height_vps_in_
luma_samples, bit_depth_vps_luma_minus8, and bit_
depth_vps_chroma_minus8, respectively, of the 0-th rep_
format( ) syntax structure in the active VPS.

For each layer with nuh_layer_id greater than O that refers
to the SPS, let layerldx be set equal to the value for which
layer_id_in_nuh[layerldx] is equal to the nuh_layer_id of
the layer, the following applies: [END EXAMPLE B]

[START EXAMPLE A] When nuh_layer_id of the SPS is
equal to 0, the profile_tier_level( ) syntax structure in the
SPS is ignored. [END EXAMPLE A]

As illustrated in Table 8 and Table 9, no timing informa-
tion is signalled in an SPS VUL, e.g., for any layer greater
than layer 0.

[START EXAMPLE B] The values of chroma_forma-
t_idc, separate_colour_plane_flag, pic_width_in_lu-
ma_samples, pic_height_in_luma_samples, bit_depth_lu-
ma_minus8, and bit_depth_chroma_minus8 are inferred to
be equal to chroma_format_vps_ide, separate_colour_pla-
ne_vps_flag, pic_width_vps_in_luma_samples, pic_height_
vps_in_luma_samples, bit_depth_vps_luma_minus8, and
bit_depth_vps_chroma_minus8, respectively, of the vpsrep_
format_idx[layerldx]-th rep_format( ) syntax structure in the
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active VPS, regardless of whether these syntax elements are
present in the VPS. [END EXAMPLE B]

[START EXAMPLE F] The parameterinher-
it_sps_params_from_vps_flag equal to 1 specifies that, for
the SPS RBSP, the values of all syntax elements and syntax
structures until the syntax element sps_extension_flag, other
than the syntax elements sps_video_parameter_set_id and
sps_seq_parameter_set_id, may be inherited from the active
VPS. inherit_sps_params_from_vps_flag equal to 0 speci-
fies that these values are not inherited from the active VPS.
When not present, the value of inherit_sps_params_from
vps_flag may be inferred to be equal to 0. When vps_num_
rep_fromats, Vps_num_other_sps_params, vps_num_st_rp-
s_candidates, or vps_num_vui_params is equal to 0, the
value of inherit_sps_params_from vps_flag may be equal to
0. When inherit_sps_params_from vps_flag is equal to 1, the
following applies: [END EXAMPLE F]

[START EXAMPLE C] The value of sps_max_sub_lay-
ers_minusl for each layer that refers to the SPS may be
inferred to be equal to max_sub_layers_vps_minusl1[lay-
erldx] where layerldx is equal to the value for which
layer_id_in_nuh[layerldx] is equal to the nuh_layer_id of
the layer.

The values of sps_max_dec_pic_buffering_minus1[i] for
each layer that refers to the SPS may be inferred to be equal
to max_vps_dec_pic_buffering_minus1[lsIdx][i] for i in the
range of 0 to MaxSubLayers[IxIdx]-1, inclusive, where
Isldx is in the range of 0 to vps_num_layer sets_minusl,
inclusive, and denotes the index, into the set of output layer
sets that is specified by the VPS, of the output layer set for
which the layer is the highest layer and the only target output
layer.

The values of sps_max_num_reorder_pics[i], and sps_
max_latency_increase_plus1[i] for each layer that refers to
the SPS are inferred to be equal to max_vps_num_reorder_
pics[layerldx][i] and max_vps_latency_increase_plus1[lay-
erldx][i], where layerldx is equal to the value for which
layer_id in_nuh[layerldx] is equal to the nuh_layer_id of the
layer, for 1 in the range of 0 to sps_max_sub_layers_minusl,
inclusive. The value of sps_temporal_id_nesting_flag for
each layer that refers to the SPS may be inferred to be equal
to vps_temporal_id_nesting_flag. [END EXAMPLE C]

As can be seen from the above discussion and Table 9,
some examples do not signal sps_max_sub_layers_minus]
and sps_temporal_id_nesting_flag when nuh_layer_id_>0.

[START EXAMPLE F] The values of conformance_win-
dow_flag, conf_win_left_offset, conf win_right_offset,
conf_win_top_offset, conf_win_bottom_offset, log 2_max_
pic_order_cnt_lIsb_minus4, log 2_min_luma_coding_
block_size_minus3, log 2_diff max_min_luma_coding_
block_size, log 2_min_transform_block_size_minus2, log
2_diff max_min_transform_block_size, max_transform_hi-
erarchy_depth_inter, max_transform_hierarchy_depth_in-
tra, scaling list_enabled_flag, sps_scaling_list_data_pre-
sent_flag, amp_enabled_flag,
sample_adaptive_offset_enabled_flag, pcm_enabled_flag,
pem_sample_bit_depth luma_minusl, pcm_sample_bit_
depth_chroma_minusl, log 2_min_pcm_luma_coding_
block_size_minus3, log 2_diff max_min_pcm_luma_cod-
ing_block_size, pcm_loop_filter_disabled_flag, long term_
ref_pics_present_flag, num_long_term_ref pics_sps, It_
ref_pic_poc_lsb_sps[i], used_by_curr_pic_lt_flag]i],
sps_temporal_mvp_enabled_flag, and strong_intra_smooth-
ing_enabled_flag for each layer that refers to the SPS are
inferred to be equal to conformance_window_vps_{flag, con-
f_win_vps_left_offset, conf_win_vps_right_offset, conf w-
in_vps_top_offset, conf win_vps_bottom_offset, log 2_
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vps_max_pic_order_cnt_Isb_minus4, log 2_vps_min_
luma_coding_block_size_minus3, log 2_vps_diff max_
min_luma_coding_block_size, log 2_vps_min_transform_
block_size_minus2, log 2_vps_diff. max_min_transform_
block_size, max_vps_transform_hierarchy_depth_inter,
max_vps_transform_hierarchy_depth_intra, scaling_lis-
t_enabled_vps_flag, sps_scaling_list_data_present_vps_
flag, amp_enabled_vps_flag, sample_adaptive_ offset_en-
abled_vps_flag, pcm_enabled_vps_flag, pcm_vps_sam-
ple_bit_depth luma_minusl, pcm_vps_sample_bit_depth_
chroma_minusl, log 2_vps_min_pcm_luma_coding_block_
size_minus3, log 2_vps_diff_max_min_pcm_luma_coding
block_size, pcm_vps_loop_filter_disabled_flag, long_term_
ref_pics_present_vps_flag, num_long_term_ref pics_vps,
It_ref_pic_poc_lsb_vps[i], used_by_curr_pic_lt_vps_flag
[1], temporal_mvp_enabled_vps_flag, and strong_intra_s-
moothing_enabled_vps_{flag, respectively, of the vps_other_
sps_params_idx[layerldx]|-th other_sps_parameters( ) syn-
tax structure in the active VPS, where layerldx is equal to the
value for which layer_id_in_nuh[layerldx] is equal to the
nuh_layer_id of the layer.

When sps_scaling_list_data_present_vps_flag is equal to
1, the value of the syntax strucuture scaling_list_data( ) for
each layer that refers to the SPS may be inferred to be equal
to the syntax strucuture scaling_list_data( ) in the vps_oth-
er_sps_params_idx[layerldx]-th other_sps_parameters( )
syntax structure in the active VPS, where layerldx is equal
to the value for which layer_id_in_nuh[layerldx] may be
equal to the nuh_layer_id of the layer. [END EXAMPLE F]

[START EXAMPLE D] The value of the syntax strucu-
ture short_term_rps_candidates( ) for each layer that refers
to the SPS may be inferred to be equal to the vps_st_rps_idx
[layerldx]-th short_term_rps_candidates( ) syntax structure
in the active VPS, where layerldx is equal to the value for
which layer_id_in_nuh[layerldx] is equal to the nuh_lay-
er_id of the layer. [END EXAMPLE D]

[START EXAMPLE E] In some examples, the value of
the syntax strucuture vui_parameters( ) for each layer that
refers to the SPS may be inferred to be equal to the
vps_vui_params_idx[layerldx]-th vui_parameters( ) syntax
strucuture in the active VPS, where layerldx is equal to the
value for which layer_id_in_nuh[layerldx] is equal to the
nuh_layer_id of the layer. [END EXAMPLE E]

The parameter conf_win_left_offset, conf_win_right_off-
set, conf win_top_offset, and conf win_bottom_offset
specify the samples of the pictures in the coded video stream
(CVS) that are output from the decoding process, in terms of
a rectangular region specified in picture coordinates for
output. When [START EXAMPLE F] inherit_sps_params_
from_vps_flag is equal to 0 and [END EXAMPLE F]
conformance_window_flag is equal to O, the values of
conf_win_left_offset, conf win_right_offset, conf_win_
top_offset, and conf_win_bottom_offset may be inferred to
be equal to O.

The conformance cropping window contains the luma
samples with horizontal picture coordinates from
SubWidthC*conf_win_left_offset to  pic_width_in_lu-

ma_samples—(SubWidthC*conf_win_right_offset+1) and
vertical picture coordinates from
SubHeightC*conf_win_top_offset to pic_height in_lu-

ma_samples—(SubHeightC*conf_win_bottom_offset+1),
inclusive.

The value of SubWidthC*(conf_win_left_offset+conf
win_right_offset) may be less than pic_width_in_lu-
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ma_samples, and the value of SubHeightC*(conf win_
top_offset+conf_win_bottom_offset) may be less than
pic_height in_luma_samples.

When ChromaArrayType is not equal to 0, the corre-
sponding specified samples of the two chroma arrays are the
samples having picture coordinates (x/SubWidthC, y/Sub-
HeightC), where (x, y) are the picture coordinates of the
specified luma samples.

NOTE 3—The conformance cropping window offset
parameters are only applied at the output. All internal
decoding processes are applied to the uncropped picture
size.

The parameter sps_sub_layer_ordering_info_present_flag
equal to 1 [START EXAMPLE C], when inher-
it_sps_params_from_vps_flag is equal to 0, [END
EXAMPLE C] specifies that sps_max_dec_pic_buffering_
minus1[i], sps_max_num_reorder_pics[i], and sps_max_la-
tency_increase_plusl1[i] are present for sps_max_sub_lay-
ers_minusl+1 sub-layers. sps_sub_layer_ordering_info_
present_{flag equal to O [START EXAMPLE C], when inher-
it_sps_params_from_vps_flag is equal to 0, [END
EXAMPLE C] specifies that the values of sps_max_
dec_pic_buffering_minus1[sps_max_sub_layers_minus1],
sps_max_num_reorder_pics[sps_max_sub_layers_minusl],
and sps_max_latency_increase_plus1[sps_max_sub_
layers_minus1] apply to all sub-layers.

The parameter sps_max_dec_pic_buffering_minusl1[i]
plusl specifies the maximum required size of the decoded
picture buffer for the CVS in units of picture storage buffers
when HighestTid is equal to i. In some examples, the value
of sps_max_dec_pic_buffering_minusl[i] may be in the
range of 0 to MaxDpbSize-1 (as specified in subclause A.4),
inclusive. When i is greater than 0, sps_max_dec_pic_buft-
ering_minus1[i] may be greater than or equal to sps_max_
dec_pic_buffering_minusl1[i-1]. The value of sps_max_
dec_pic_buffering_minus1[i] may be less than or equal to
vps_max_dec_pic_buffering_minus1[i] for each value of i.
When [START EXAMPLE C] inherit sps_params_from
vps_{flag is equal to 0 and [END EXAMPLE C] sps_max_
dec_pic_buffering_minus1[i] is not present for i in the range
of 0 to sps_max_sub_layers_minus1-1, inclusive, due to
sps_sub_layer_ordering_info_present_flag being equal to 0,
it may be inferred to be equal to sps_max_dec_pic_bufter-
ing_minusl1[sps_max_sub_layers_minus1].

The parameter sps_max_num_reorder_pics[i] indicates
the maximum allowed number of pictures that can precede
any picture in the CVS in decoding order and follow that
picture in output order when HighestTid is equal to i. The
value of sps_max_num_reorder_pics[i] may be in the range
of 0 to sps_max_dec_pic_buffering minus1[i], inclusive.
When i is greater than 0, sps_max_num_reorder_pics[i] may
be greater than or equal to sps_max_num_reorder_pics[i-1].
The value of sps_max_num_reorder_pics[i] may be less
than or equal to vps_max_num_reorder_pics[i] for each
value of i. When [START EXAMPLE C] inherit
sps_params_from vps_flag is equal to 0 and [END
EXAMPLE C] sps_max_num_reorder_pics[i] is not present
for 1 in the range of 0 to sps_max_sub_layers_minus1-1,
inclusive, due to sps_sub_layer_ordering_info_present_flag
being equal to 0, it may be inferred to be equal to sps_max_
num_reorder_pics[sps_max_sub_layers_minus]1].
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The parameter sps_max_latency_increase_plus1[i] not
equal to O is used to compute the value of SpsMax[aten-
cyPictures[i], which specifies the maximum number of
pictures that can precede any picture in the CVS in output
order and follow that picture in decoding order when High-
estTid is equal to 1.

When sps_max_latency_increase_plus1[i] is not equal to
0, the value of SpsMaxLatencyPictures[i] is specified as
follows:  SpsMaxLatencyPictures[i]=sps_max_num_reor-
der_pics[i]+(7-9)

sps_max_latency_increase_plusl[i]-1

When sps_max_latency_increase_plus1[i] is equal to 0,
no corresponding limit is expressed. In some examples, the
value of sps_max_latency_increase_plusl[i] may be in the
range of 0 to 232-2, inclusive. In some examples, when
vps_max_latency_increase_plusl[i] is not equal to 0, the
value of sps_max_latency_increase_plusl[i] may not be
equal to 0 and may be less than or equal to vps_max_laten-
cy_increase_plus1[i] for each value of i. When [START
EXAMPLE C] inherit_sps_params_from_vps_flag is equal
to 0 and [END EXAMPLE C] sps_max_latency_increase_
plusl[i] is not present for i in the range of 0 to sps_max_
sub_layers_minusl-1, inclusive, due to sps_sub_layer_
ordering_info_present_flag being equal to 0, it may be
inferred to be equal to sps_max_latency_increase_plusl
[sps_max_sub_layers_minusl].

The parameter sps_scaling_list_data_present_flag equal
to 1 specifies that scaling list data are present in the SPS
[START EXAMPLE F] or inherited from the active VPS
[END EXAMPLE F]. In some examples, sps_scaling_list_
data_present_flag equal to O specifies that scaling list data
are not present in the SPS [START EXAMPLE F] and not
inherited from the active VPS [END EXAMPLE F]. When
[START EXAMPLE F] inherit_sps_params_from_vps_flag
is equal to O and sps_scaling_list_data_present_flag [END
EXAMPLE F] is not present, the value of sps_scaling_list_
data_present_flag may be inferred to be equal to 0. When
scaling_list_enabled_flag is equal to 1 and sps_scaling_list_
data_present_flag is equal to 0, the default scaling list data
are used to derive the array ScalingFactor as described in the
scaling list data semantics specified in subclause 7.4.5 of the
HEVC standard.

The parameter pcm_loop_filter_disabled_flag specifies
whether the loop filter process is disabled on reconstructed
samples in a coding unit with pcm_flag equal to 1 as follow:
If pcm_loop_filter_disabled_flag is equal to 1, the deblock-
ing filter and sample adaptive offset filter processes on the
reconstructed samples in a coding unit with pcm_flag equal
to 1 are disabled. Otherwise (pcm_loop_filter_disabled_flag
value is equal to 0), the deblocking filter and sample
adaptive offset filter processes on the reconstructed samples
in a coding unit with pcm_flag equal to 1 are not disabled.

When [START EXAMPLE F] inherit_sps_params_from_
vps_{flag is equal to 0 and [END EXAMPLE F] pecm_loop_
filter_disabled_flag is not present, it may be inferred to be
equal to 0.

[START EXAMPLE D] <start_removal> num_short_ter-
m_ref_pic_sets specifies the number of short_term_ref pic_
set( ) syntax structures included in the SPS. The value of
num_short_term_ref pic_set shall be in the range of 0 to 64,
inclusive.

NOTE 5 — A decoder should allocate memory for a total
number of num_short_term_ref pic_sets + 1 short_term_
ref_pic_set( ) syntax structures since there may be a short_
term_ref_pic_set( ) syntax structure directly signalled in the
slice headers of a current picture. A short_term_ref pic_
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set( ) syntax structure directly signalled in the slice headers
of a current picture has an index equal to num_short_term_
ref_pic_set. <end_removal> [END EXAMPLE D]

The parameter 1t_ref_pic_poc_lsb_sps[i] specifies the pic-
ture order count modulo MaxPicOrderCntLsb of the i-th
candidate long-term_reference picture specified [START
EXAMPLE F] by <start_removal>in <end_removal> [END
EXAMPLE F] the SPS. The number of bits used to represent
It_ref_pic_poc_lsb_sps[i] is equal to log 2_max_pic_order_
cnt_Isb_minus4+4.

The parameter used_by_curr_pic_lt_sps_flag[i] equal to O
specifies that the i-th candidate long-term_reference picture
specified [START EXAMPLE F] by <start_removal> in
<end_removal>[END EXAMPLE F] the SPS is not used for
reference by a picture that includes in its long-term RPS the
i-th candidate long-term_reference picture specified
[START EXAMPLE F] by <start_removal> in
<end_removal> [END EXAMPLE F] the SPS.

[START EXAMPLE E] <start_removal> vui_parameter-
s_present_flag equal to 1 specifies that the vui-param-
eters( ) syntax structure as specified in Annex E is present.
vui_parameters_present_flag equal to 0 specifies that the
vui_parameters( ) syntax structure as specified in Annex E is
not present. <end_removal> [END EXAMPLE E]

FIG. 4 is a flowchart illustrating an example method for
decoding video data in accordance with the systems and
methods described herein. In the illustrated example of FIG.
4, a video decoder 30 may receive a non-entropy encoded set
of profile, tier, and level syntax structures (402). The non-
entropy encoded set of profile, tier, and level syntax struc-
tures may be at a position within a VPS extension prior to
syntax elements of the VPS extension that are entropy
encoded.

Video decoder 30 may refer to one of the profile, tier, and
level syntax structures for each of a plurality of output layer
sets (404) and decode video data of one of the output layer
sets based on information from the profile, tier, and level
syntax structure referred to for the output layer set (406). For
example, video decoder 30 may ignore an output layer set if
the profile, tier, and level of the bitstream of the output layer
set indicate that a higher capability than the decoding
capability of video decoder 30, as indicated by the decoder’s
profile, tier, and level, is needed for decoding of the bit-
stream. When the required decoding capability, as indicated
by the profile, tier, and level of the bitstream of the output
layer set, is not higher than the decoding capability of video
decoder 30, video decoder 30 decodes the bitstream of the
output layer set using the required decoding processes as
indicated by the profile, tier, and level of the bitstream.

In some examples, video decoder 30 may receive an SPS
with a nuh_layer_id equal to 0, wherein the SPS includes a
profile, tier, and level syntax structure for a layer of video
data.

In some examples, video decoder 30 may receive an
output layer flag [i] [j] that, when equal to 1, specifies that
a j-th layer in the layer set is a target output layer of an i-th
output layer set, and, when equal to O, specifies that the j-th
layer in the layer set is not the target output layer of the i-th
output layer set. For example, video encoder 20 may trans-
mit an output layer flag [1] [j] that, when equal to 1, specifies
that a j-th layer in the layer set is a target output layer of an
i-th output layer set, and, when equal to 0, specifies that the
j-th layer in the layer set is not the target output layer of the
i-th output layer set. Video decoder 30 may transmit an
output layer flag [i] [j] that, when equal to 1, specifies that
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a j-th layer in the layer set is a target output layer of an i-th
output layer set, and, when equal to 0, specifies that the j-th
layer in the layer set is not the target output layer of the i-th
output layer set.

Video decoder 30 may also generate the output layer set
based on the output layer flag [i] [j]. For example, video
encoder 20 may also encode the output layer set based on the
output layer flag [i] [j].

FIG. 5 is a flowchart illustrating an example method for
encoding video data in accordance with the systems and
methods described herein. In the illustrated example of FIG.
5, video encoder 20 may generate an output layer set based
on the output layer flag [i] [j]. For example, video encoder
20 may refer to one of the profile, tier, and level syntax
structures for each of a plurality of output layer sets (502).
Video encoder 20 may also encode the output layer set based
on the output layer flag [i] [j](504).

Video encoder 20 may encode a VPS with VPS extension
having a non-entropy encoded set of profile, tier, and level
syntax structures (506). In some examples, video encoder 20
may transmit, store, or cause to be stored the VPS and VPS
extension having a non-entropy encoded set of profile, tier,
and level syntax structures. The non-entropy encoded set of
profile, tier, and level syntax structures may be at a position
within a VPS extension prior to syntax elements of the VPS
extension that are entropy encoded. For example, video
encoder 20 may encode video data according to a profile,
tier, level that is selected. Video encoder 20 may also encode
the profilel, tier, level syntax in the VPS for use by the
decoder.

In some examples, video encoder 20 may encode an SPS
with a nuh_layer_id equal to O, wherein the SPS includes a
profile, tier, and level syntax structure for a layer of video
data. For example, video encoder 20 may send an SPS with
a nuh_layer_id equal to 0, wherein the SPS includes a
profile, tier, and level syntax structure for a layer of video
data. When an SPS with nuh_layer_id equal to O is referred
by a layer with nuh_layer_id greater than 0, the profile_tier_
level( ) syntax structure in the SPS is not applied for that
layer.

Accordingly, as can be seen above, each layer needs to
refer to an SPS. Conventionally, any two layers that are of
different values of spatial resolutions, bit depths, or color
formats have to refer to two different SPSs as these repre-
sentation format parameters are signalled in the SPS. How-
ever, when these parameters for all SPSs except those with
nuh_layer_id equal to 0 are moved to the VPS, and when it
is specified that the representation format parameters in an
SPS with nuh_layer_id equal to O that is referred to by a
layer with nuh_layer_id greater than 0 are ignored, it is
possible for layers with different values of spatial resolu-
tions, bit depths, or color formats to refer to the same SPSs.
In other words, according to some embodiments of this
disclosure, layers with different values of spatial resolutions,
bit depths, or color formats can share the same SPS, as long
as other SPS parameters required for the layers are the same.

In some examples, video encoder 20 may transmit an
output layer flag [i] [j] that, when equal to 1, specifies that
a j-th layer in the layer set is a target output layer of an i-th
output layer set, and, when equal to 0, specifies that the j-th
layer in the layer set is not the target output layer of the i-th
output layer set. For examples, video encoder 20 may
transmit an output layer flag [i] [j] that, when equal to 1,
specifies that a j-th layer in the layer set is a target output
layer of an i-th output layer set, and, when equal to O,
specifies that the j-th layer in the layer set is not the target
output layer of the i-th output layer set.
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FIG. 6 is a flowchart illustrating an example method for
decoding video data in accordance with the systems and
methods described herein. In the illustrated example of FIG.
6, a video decoder 30 may receive a non-entropy encoded
layer dependency information at a position within a VPS
extension prior to syntax elements of the VPS extension that
are entropy encoded (602).

Video decoder 30 may decode the non-entropy encoded
layer dependency information before an entropy encoded
syntax element (604). In an example, video decoder 30 may
decode the non-entropy encoded layer dependency informa-
tion before any entropy encoded syntax element.

Video decoder 30 may decode video data of one or more
of'the layers of video data based on the non-entropy encoded
layer dependency information (606). The layer dependency
information may indicate whether one of the layers is a
direct reference layer for another of the layers. In some
examples, when the layer dependency information indicates
whether one of the layers is a direct reference layer for
another of the layers, the layer dependency information may
also indicate which one of the layers is a direct reference
layer for another of the layers. In other words, the layer
dependency information may indicate whether one of the
layers is a direct reference layer for another of the layers and
identify the one of the layers that is a direct reference layer
for another of the layers. In some examples, the layer
dependency information includes a direct_dependency_flag
[1][j] that, when equal to 0, specifies that a layer with index
j is not a direct reference layer for a layer with index i, and
when equal to 1, specifies that the layer with index j may be
a direct reference layer for the layer with index i. When
decoding a picture, video decoder 30 may derive an inter-
layer reference picture set based on the layer dependency
information, among other information, and may further
derive a reference picture list based on the inter-layer
reference picture set, among other information, and then
may decode the picture using inter-layer prediction from a
picture in a direct reference layer.

FIG. 7 is a flowchart illustrating an example method for
encoding video data in accordance with the systems and
methods described herein. Video encoder 20 may encode
video data of one or more of the layers of video data based
on a non-entropy encoded layer dependency information
(702). Video encoder 20 may encode a non-entropy encoded
layer dependency information at a position within a video
parameter set (VPS) extension prior to syntax elements of
the VPS extension that are entropy encoded (704). For
example, video encoder 20 may encode video data of one or
more of the layers of video data based on the non-entropy
encoded layer dependency information. The layer depen-
dency information may indicate whether one of the layers is
a direct reference layer for another of the layers. In some
examples, video encoder 20 may transmit, store, or cause to
be stored a non-entropy encoded layer dependency infor-
mation at a position within a video parameter set (VPS)
extension prior to syntax elements of the VPS extension that
are entropy encoded.

In some examples, the layer dependency information
includes a direct_dependency_flag|[i][j] that, when equal to
0, specifies that a layer with index j is not a direct reference
layer for a layer with index i, and when equal to 1, specifies
that the layer with index j may be a direct reference layer for
the layer with index i.

FIG. 8 is a flowchart illustrating an example method for
decoding video data in accordance with the systems and
methods described herein. In the example of FIG. 8, more
than one output layer set may be signalled for one layer set.
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Accordingly, if more than one output layer set is signalled
for one layer set a video decoder 30, e.g., by way of input
interface 28, may receive a first output layer set for a layer
set (802). Video decoder 30 may also receive a second
output layer set for the layer set (804). Furthermore, while
the example of FIG. 8 illustrates two output layer set for one
layer set, it will be understood that three, four, or even more
output layer sets may be signalled for a layer set. Video
decoder 30 may decode video data for at least one of the first
output layer set and the second output layer set (806).

FIG. 9 is a flowchart illustrating an example method for
encoding video data in accordance with the systems and
methods described herein. In the example of FIG. 9, more
than one output layer set may be signalled for one layer set.
Accordingly, video encoder 20 may encode video data for at
least one of a first output layer set and a second output layer
set (902). Accordingly, output interface 22 may transmit
encoded data from video encoder 20. The data transmitted
may include the first output layer set for a layer set (904) and
the second output layer set for the layer set (906). In some
examples, output interface 22 may transmit the data to input
interface 28. In other examples, output interface 22 may
transmit the data to storage device 34 for storage.

FIG. 10 is a flowchart illustrating an example method for
decoding video data in accordance with the systems and
methods described herein. The example of FIG. 10 illus-
trates signaling of representation format in the VPS, poten-
tially in a way that it is accessible without entropy decoding.
In other words, a representation format in the VPS is not
entropy encoded. It may, for example, be fixed length coded.
Accordingly, video decoder 30 may receive a non-entropy
encoded representation format within a VPS, e.g., through
input interface 28 (1002). The representation format may
include one or more of chroma format, whether different
colour planes are separately coded, picture width, picture
height, luma bit depth, and chroma bit depth. Video decoder
30 may also decode video data based on the non-entropy
encoded representation format within the VPS (1004).
Because the representation format is in the VPS potentially
in a way that it is accessible without entropy decoding
devices that do not perform entropy coding may have access
to the representation format, for example, in some cases a
Media Aware Network Entities (MANEs) may not have an
entropy coding device. Video decoder 30 may decode rep-
resentation format in the VPS, potentially without entropy
decoding in accordance with the techniques of this disclo-
sure, and each layer may be associated with a particular
representation format.

FIG. 11 is a flowchart illustrating an example method for
encoding video data in accordance with the systems and
methods described herein. The example of FIG. 11 illus-
trates signaling of representation format in the VPS, poten-
tially in a way that it is accessible without entropy decoding.
In other words, a representation format in the VPS is not
entropy encoded. It may be, for example, fixed length coded.
Accordingly, video encoder 20 may encode video data based
on the non-entropy encoded representation format within the
VPS (1102). The representation format may include one or
more of chroma format, whether different colour planes are
separately coded, picture width, picture height, luma bit
depth, and chroma bit depth. Video encoder 20 may transmit
a non-entropy encoded representation format within a VPS
(1104). Video encoder 20 may encode representation format
in the VPS, in a way that is accessible without entropy
decoding in accordance with the techniques of this disclo-
sure, and each layer may be associated with a particular
representation format.



US 9,473,771 B2

55

FIG. 12 is a flowchart illustrating an example method for
encoding video data in accordance with the systems and
methods described herein. The example of FIG. 12 illus-
trates signaling of visual signal information, e.g., video_for-
mat, video_full_range_flag, colour_primaries, transfer_
characteristics, matrix_coefls, per layer in the VPS. Accord-
ingly, video decoder 30 may receive a VPS including a series
of layers, each layer including visual signal information
(1002). Video decoder 30 may also decode video data based
on the received visual signal information signalled per layer
in the VPS.

FIG. 13 is a flowchart illustrating an example method for
encoding video data in accordance with the systems and
methods described herein. The example of FIG. 13 illus-
trates signaling of visual signal information, e.g., video_for-
mat, video_full_range_flag, colour_primaries, transfer_
characteristics, matrix_coefls, per layer in the VPS. Accord-
ingly, video encoder 20 may encode video data based on the
received visual signal information signalled per layer in the
VPS (1302). Video encoder 20 may transmit the VPS
including a series of layers, each layer including visual
signal information for each of a series of layers (1304).

In one or more examples, the functions described may be
implemented in hardware, software, firmware, or any com-
bination thereof. If implemented in software, the functions
may be stored on or transmitted over, as one or more
instructions or code, a computer-readable medium and
executed by a hardware-based processing unit. Computer-
readable media may include computer-readable storage
media, which corresponds to a tangible medium such as data
storage media, or communication media including any
medium that facilitates transfer of a computer program from
one place to another, e.g., according to a communication
protocol. In this manner, computer-readable media generally
may correspond to (1) tangible computer-readable storage
media which is non-transitory or (2) a communication
medium such as a signal or carrier wave. Data storage media
may be any available media that can be accessed by one or
more computers or one or more processors to retrieve
instructions, code and/or data structures for implementation
of the techniques described in this disclosure. A computer
program product may include a computer-readable medium.

By way of example, and not limitation, such computer-
readable storage media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash
memory, or any other medium that can be used to store
desired program code in the form of instructions or data
structures and that can be accessed by a computer. Also, any
connection is properly termed a computer-readable medium.
For example, if instructions are transmitted from a website,
server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and micro-
wave, then the coaxial cable, fiber optic cable, twisted pair,
DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. It
should be understood, however, that computer-readable stor-
age media and data storage media do not include connec-
tions, carrier waves, signals, or other transient media, but are
instead directed to non-transient, tangible storage media.
Disk and disc, as used herein, includes compact disc (CD),
laser disc, optical disc, digital versatile disc (DVD), floppy
disk and Blu-ray disc, where disks usually reproduce data
magnetically, while discs reproduce data optically with
lasers. Combinations of the above should also be included
within the scope of computer-readable media.
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Instructions may be executed by one or more processors,
such as one or more digital signal processors (DSPs),
general purpose microprocessors, application specific inte-
grated circuits (ASICs), field programmable logic arrays
(FPGAs), or other equivalent integrated or discrete logic
circuitry. Accordingly, the term “processor,” as used herein
may refer to any of the foregoing structure or any other
structure suitable for implementation of the techniques
described herein. In addition, in some aspects, the function-
ality described herein may be provided within dedicated
hardware and/or software modules configured for encoding
and decoding, or incorporated in a combined codec. Also,
the techniques could be fully implemented in one or more
circuits or logic elements.

The techniques of this disclosure may be implemented in
a wide variety of devices or apparatuses, including a wire-
less handset, an integrated circuit (IC) or a set of ICs (e.g.,
a chip set). Various components, modules, or units are
described in this disclosure to emphasize functional aspects
of devices configured to perform the disclosed techniques,
but do not necessarily require realization by different hard-
ware units. Rather, as described above, various units may be
combined in a codec hardware unit or provided by a col-
lection of intraoperative hardware units, including one or
more processors as described above, in conjunction with
suitable software and/or firmware.

Various examples have been described. These and other
examples are within the scope of the following claims.

What is claimed is:

1. A method of decoding video data, the method com-
prising:

receiving, by a video decoder, from an encoded video

bitstream, multilayer video data comprising:

a first output layer set included in a layer set of the
multilayer video data, the first output layer set rep-
resenting a subset of the layer set such that the first
output layer set is associated with a first list of target
output layer sets;

a second output layer set included in the layer set of the
multilayer video data, the second output layer set
representing a subset of the layer set such that the
second output layer set is associated with a second
list of target output layer sets;

a sequence parameter set (SPS) for the multilayer video
data;

a first layer of the multilayer video data, the first layer
being associated with the SPS;

a second layer of the multilayer video data, the second
layer having a different value of at least one of a
spatial resolution, a bit depth, or a color format than
the first layer, and that is associated with the SPS;

decoding, by the video decoder, encoded video data for at

least one of the first output layer set or the second
output layer set using at least one of the first list of
target output layer sets or the second list of target
output layer sets; and

decoding, by the video decoder, encoded video data for

the first layer and the second layer using information

included in the SPS.

2. The method of claim 1, further comprising changing,
by the video decoder, a first syntax element for the video
data to a second syntax element for the video data.

3. The method of claim 2, wherein the first syntax element
comprises an output_layer_flag[lsIdx][j] and the second
syntax element comprises an output_layer_flag[i][j].



US 9,473,771 B2

57
4. The method of claim 1,
wherein the SPS includes Video Usability Information
(VUI), and
wherein timing information is not contained in the SPS
that includes the VUI.
5. The method of claim 1,
wherein a target output layer set associated with at least
one of the first output layer set and the second output
layer set is a default output layer set, and
wherein the target output layer for the default output layer
set is not explicitly signaled.
6. The method of claim 1,
wherein a layer ID for the SPS is greater than zero (0), and
wherein a sps_max_sub_layers_minus] and an sps_tem-
poral_id_nesting_flag is not included in the SPS.
7. The method of claim 1, further comprising:
determining, by the video decoder, that a syntax element
layer_id_included_flag[ ][ ] for the video data used for
output_layer_set_idx[i] equal to 0 is for layer set 0; and
changing, by the video decoder, the output_layer_set_idx
[1] to a output_layer_set_idx_minus1[i] syntax element
based on the determination.
8. The method of claim 1, further comprising
receiving, by the video decoder, from the encoded video
bitstream, a non-entropy encoded set of profile, tier,
and level syntax structures in a video parameter set
(VPS) extension; and
referring to one of the profile, tier, and level syntax
structures for each of a plurality of output layer sets that
includes the first output layer set and the second output
layer set,
wherein decoding the encoded video data for the at least
one of the first output layer set or the second output
layer set comprises decoding, by the video decoder, the
encoded video data for the at least one of the first output
layer set or the second output layer set based on
information from the one or more of the profile, tier, or
level syntax structure referred to for the respective
output layer set of the first output layer set or the second
output layer set.
9. A method of encoding multilayer video data, the
method comprising:
encoding, by a video encoder, video data for at least one
of a first output layer set and a second output layer set
using at least one of a first list of target output layer sets
associated with the first output layer set or a second list
of target output layer sets associated with the second
output layer set, the first output layer set and the second
output layer set both being included in a single layer set
of the multilayer video data;
encoding, by the video encoder, video data for a first layer
of the multilayer video data and a second layer of the
multilayer video data in a sequence parameter set (SPS)
associated with the multilayer video data; and
encoding, by the video encoder, into an encoded video
bitstream:
the first output layer set;
the second output layer set;
the SPS associated with the multilayer video data;
a first layer of the multilayer video data, the first layer
being associated with the SPS; and
a second layer of the multilayer video data, the second
layer having a different value of at least one of a
spatial resolution, a bit depth, or a color format than
the first layer, and that is associated with the SPS.
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10. The method of claim 9, further comprising changing,
by the video encoder, a first syntax element for the video
data to a second syntax element for the video data.

11. The method of claim 10, wherein the first syntax
element comprises an output_layer_flag[lsIdx][j] and the
second syntax element comprises an output_layer_flag[i][j].

12. The method of claim 9,

wherein the SPS includes Video Usability Information
(VUI), and

wherein timing information is not contained in the SPS
that includes the VUI.

13. The method of claim 9, wherein a target output layer
set associated with at least one of the first output layer set or
the second output layer set is a default output layer set, and
wherein the target output layer for the default output layer
set is not explicitly signaled.

14. The method of claim 9,

wherein a layer ID for the SPS is greater than zero (0), and

wherein a sps_max_sub_layers_minus1 and an sps_tem-
poral_id_nesting_flag is not included in the SPS.

15. The method of claim 9, further comprising:

determining, by the video encoder, that a syntax element
layer_id_included_flag[ ][ ] for the video data used for
output_layer_set_idx[i] equal to 0 is for layer set 0; and

changing, by the video encoder, the output_layer_set_idx

[1] to a output_layer_set_idx_minus1[i] syntax element

based on the determination.

16. The method of claim 9, further comprising

encoding, by the video encoder, into the encoded video
bitstream, a non-entropy encoded set of profile, tier,
and level syntax structures in a video parameter set

(VPS) extension; and

referring to one of the profile, tier, and level syntax
structures for each of a plurality of output layer sets that
includes the first output layer set and the second output
layer set,

wherein encoding the video data for the at least one of the
first output layer set or the second output layer set
comprises encoding, by the video encoder, the video
data for the at least one of the first output layer set or
the second output layer set based on information from
the one or more of the profile, tier, or level syntax
structure referred to for the respective output layer set
of the first output layer set or the second output layer
set.

17. An apparatus for decoding video data comprising:

a memory configured to store the video data; and

one or more processors configured to:
receive, from an encoded video bitstream, multilayer

video data comprising:

a first output layer set included in a layer set of the
multilayer video data, the first output layer set repre-
senting a subset of the layer set such that the first output
layer set is associated with a first list of target output
layer sets;

a second output layer set included in the layer set of the
multilayer video data, the second output layer set
representing a subset of the layer set such that the
second output layer set is associated with a second
list of target output layer sets;

a sequence parameter set (SPS) for the multilayer
video data;

a first layer of the multilayer video data, the first
layer being associated with the SPS;

a second layer of the multilayer video data, the
second layer having a different value of at least
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one of a spatial resolution, a bit depth, or a color
format than the first layer, and that is associated
with the SPS;
decode encoded video data for at least one of the first
output layer set or the second output layer set using
at least one of the first list of target output layer sets
or the second list of target output layers; and
decode encoded video data for the first layer and the
second layer using information included in the SPS.

18. The apparatus of claim 17, the one or more processors
being further configured to change a first syntax element for
the video data to a second syntax element for the video data.

19. The apparatus of claim 18, wherein the first syntax
element comprises an output_layer_flag[lsIdx][j] and the
second syntax element comprises an output_layer_flag[i][j].

20. The apparatus of claim 17,

wherein the SPS includes Video Usability Information

(VUI), and

wherein timing information is not contained in the SPS

that includes the VUI.

21. The apparatus of claim 17, wherein a target output
layer set associated with at least one of the first output layer
set and the second output layer set a default output layer set
and wherein the target output layer set for the default output
layer set is not explicitly signaled.

22. The apparatus of claim 17,

wherein a layer ID for the SPS is greater than zero (0), and

wherein a sps_max_sub_layers_minus] and an sps_tem-

poral_id_nesting_flag is not included in the SPS.

23. The apparatus of claim 17 wherein the one or more
processors are further configured to:

determine a syntax element layer_id_included_flag[ |[ |

for the video data used for output_layer set_idx[i]
equal to O is for layer set 0; and

change the output_layer_set_idx[i] to a output_lay-

er_set_idx_minus1[i] syntax element based on the
determination.

24. The apparatus of claim 17, wherein the one or more
processors are further configured to:

receive, from the encoded video bitstream, a non-entropy

encoded set of profile, tier, and level syntax structures
in a video parameter set (VPS) extension; and
refer to one of the profile, tier, and level syntax structures
for each of a plurality of output layer sets that includes
the first output layer set and the second output layer set,

wherein to decode the encoded video data for the at least
one of the first output layer set or second output layer
set, the one or more processors are configured to
decode the encoded video data for the at least one of the
first output layer set or the second output layer set based
on information from the one or more of the profile, tier,
or level syntax structure referred to for the respective
output layer set of the first output layer set or the second
output layer set.
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25. An apparatus for decoding video data comprising:
means for receiving, from an encoded video bitstream,
multilayer video data comprising:

a first output layer set included in a layer set of the
multilayer video data, the first output layer set rep-
resenting a subset of the layer set such that the first
output layer set is associated with a first list of target
output layer sets;

a second output layer set included in the layer set of the
multilayer video data, the second output layer set
representing a subset of the layer set such that the
second output layer set is associated with a second
list of target output layer sets;

a sequence parameter set (SPS) for the multilayer video
data;

a first layer of the multilayer video data, the first layer
being associated with the SPS;

a second layer of the multilayer video data, the second
layer having a different value of at least one of a
spatial resolution, a bit depth, or a color format than
the first layer, and that is associated with the SPS;

means for decoding encoded video data for at least one of
the first output layer set or the second output layer set
using at least one of the first list of target output layer
sets or the second list of target output layers; and
means for encoded video data for the first layer and the
second layer using information included in the SPS.
26. A non-transitory computer readable storage medium
storing instructions that upon execution by one or more
processors cause the one or more processors to:
receive, from an encoded video bitstream, multilayer
video data comprising:

a first output layer set included in a layer set of the
multilayer video data, the first output layer set rep-
resenting a subset of the layer set such that the first
output layer set is associated with a first list of target
output layer sets;

a second output layer set included in the layer set of the
multilayer video data, the second output layer set
representing a subset of the layer set such that the
second output layer set is associated with a second
list of target output layer sets;

a sequence parameter set (SPS) for the multilayer video
data;

a first layer of the multilayer video data, the first layer
being associated with the SPS;

a second layer of the multilayer video data, the second
layer having a different value of at least one of a
spatial resolution, a bit depth, or a color format than
the first layer, and that is associated with the SPS;

decode encoded video data for at least one of the first
output layer set or the second output layer set using at
least one of the first list of target output layer sets or the
second list of target output layers; and

decode encoded video data for the first layer and the
second layer using information included in the SPS.
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